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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italice Transliteration Block Itallc Transliteratic..

: A a A a A, a P p P p R, r
; &6 B ¢ B, b Cec C ¢ S, s _
' 8 e B o vV, v T T m T, t b
: rFr r s G, g Yy Y vy U, u %
' ﬁ 4 A n 2 D, d ® o ® ¢ F, 1
f\‘\;f’ E e E ¢ Ye, ye; E, e* X x X x Kh, kh 1
‘T - X Zh, zh U u u y Ts, ts §
K 33 3 Z, z Yoy (T Ch, ch L
Mo H ou I, 1 L w U w sh, sh B
E noa A a Y, ¥y W ow o Shch, sheh :
K H o« K «x K, k bw D » "
{ AN 1 a L, 1 H & & wu Y, ¥y E
% Y M M M, m b b b » !
E H H « N, n 33 9 E, e j
! 0o 0 o 0, o K o O » Yu, yu 3
M n n » P, p A A A a Ya, ya !
*ve initially, after vowels, and after u, b; € elsewhere. ]
‘ When written as & in Russian, transliterate as yé& or é&.
S
k RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS
,:-J Russian English Russian English Russian English
sin sin sh sinh arc sh sinh:?
cos cos ch cosh arc ch cosh_
tg tan th tanh arc th tann_" k
ctg cot cth coth arc cth coth_i )
sec sec sch sech arc sch sech__l :
cosec csc csch csch arc csch esch ]

Russian English

rot curl
lg log

111
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Page 2.

Collector/collection contains the articles, dedicated to
guestions of thacry and practice ¢f the nonpositional systems of
numeration (%o deparallelizatior c¢f the operation of rounding, tc¢ the
algorithm of detection and ccrrecticn of errors, to the calculatice
of elementary functions, tc the ncmographic method of the imzg= of
information), to problems of infcrrational sirulation (to optimum
layouts of the coaputer centers in the republic, to the statistical
models of axchanga systems by infcrmation, to the tasks of
scheduling, etc.), of organizaticr ¢f coamputers and systems, and also
to uses/application of threshold elements/cells in the logic circuits,
to combinatcry tasks, ccnnected with the development of the

algorithms of the compression cf irformation.

Collector/collection can be recommended %o the wide circlas of
the specialists in the region of the theory of coding, computer

technclcgy, combinatory methods.
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Page 3.

SOME QUESTIONS OF THE STRUCTURE OF SPECIAL-PUFPOSE TSVM

[DIGITAL COMPUTER].

I. Ya. Akushskiy, V. G. Yevstignéﬁv.

The contemporary level of the development of microelectronics
makes it possible to produce all devices/equipment TsVM, exceﬁt zu,
in the micro-exscution. This seans that became possible the
construction TsVYM from the large/coarse functional boxes, which
contain 100-200 logic elements, made in the single technological
process. N2mory units, bctk operaticnal, and lasting, are mcst
frequently implamented on the ferromagnetic carriers, pierced by
electrical conductors for exciting the carrier and for

resoving/taking from it the infecrsaticn.

The physical nature of the data carriers, and also the praiserce
of such specific for 20 assembtlies as current-operated keys,
recording amplifiers and reading, make with its sensitive to
different environmental factors, which imply a reduction in its high

speed and manufacturability of prcduction. Therefcra at preseant is

conducted int2anse research on an increase in the maaufacturabili+y,

i e AR e v, .
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stability and high speed ZU. These qualities can be achieved/r2ach24,

if wo make ZU in the single technclcgical process, as far as rpassible
vhict coincides with the frocess c¢f manufacture of logic elaments
TsVM. This leads to the thought of making all blocks TsVM from the
elements/cells, carried cut orn tﬁe iden~ical rhysical basis. Since
integral technology hakes it rcssible ¢5 obtain the high degre> cf
the integration of semiccnductors (transistors and diodes), then we

will assume all blocks TsVM integral, semiconductor.

In contemporary aerospace TsVM cf those having the rigid,
protected ir DZU prcgram, the instruction system counts, as a cule,

not more than 60 operaticns; usvally their 15-20.
Page u.

If program consists cf M instructions, than each operation iz

M

M N
T~ B of times where n

this program is repeated cn the average

quantity of digits, abstracted/reroved in the instruction for tha

code of operation.

Since the same nuclei 020 car be used for the soluticn of
different problams, then the address of each nucleus 02U is rapsats=
M
in the program >n the average —m—s ©Of times vhere n -

discharge/digital configuration of instruction.
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Oorganization D20 of prograwms.

Lat there bs the preogram on F of instructions, then locaticn
counter must contair not less thar z=loq2 M of digits. Let us placs
after counter decoder on M of cutput combinations. This means “ka+t <o
each instruction of program corresronds cne of M outputs/yields.
After decoder let us place N=2" the OR gates whcse outputs/yi=lis
¥ill correspond to operations, and L=2m»-» the OR gates whose
outputs/yields let us place in the conformity to the addresses cf
operands. The first grour of OR gates 12t us rame the shaping unit of
operations (BFO), the seccnd - by shaping unit of addrsss (BFA). The
described structure is depicted in figure 1. From the afcresaid i+
follovs that DZJ falls irtc twc tarts. The first of them is realizad
by the structure depicted in figure 1, second, named 2ZU of cons=<arn:s,
eithar it is included in the ccmpcsition 0ZU cr it is selec*ed into

single DZU of constaats.

Evident also that the outputs/yields of klocks FBO and BFA ar=
represented by the single-progressicn code 1-X and 1-L. If N is srall
and the organization of its single-fprogression representaticn loes
not cause technical difficulties, then L can rsach the value cf

gseveral thousands; single-prcgressicn represertation of this value is

little attractive due to the unwieldiness. Here we approached 1

question of organization C2ZU and DZU of constants,
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Pig. 1. Block diagram of the formation of operation numbers and

addresses.

Key: (1). Location courter. (2). cf digits. (3). Decoder. (4). % of

outputs/yiz2lds. (5). operaticr. (6). adiress.

Page S,

organizatior ozu,

The classical diagrar of organization of 02U, depicted in figurs
2a, provides for, as a rule, two steps/stages of the conversicn

{deciphering) of address.

Index register 02U (PrA) usually conditionally is divided/marke?
off intc two parts (desirably idertical), one of which is designated
as index registar X(PrAx)another - as index reagister Y (PrAy). Decodars

DShX and DShY are first stage of the conversicn of address. Thair

TN I SR | b Y YO NI Y TR e W S e £ N g e
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outputs, represanted in single-prcgression code, ar2 directed into
the memory/memcrizing matrix/die M, where in the pcints of the
intersection of busbars/tires X ard Y are established/ins*allad
storage elements; their quantity, equal to XeY determines capacity
0ZU. Matrices/dies M it is the seccnd step/stagz of the ccenversiorn cf

address.

If irn the structure, represented in the figure 2a each address
0ZU is a conjunction of l variatlesalternating, then in the structura
in figure 1 each address is the lcgical funct ion, comprised c¥f
differsnt number of disjurcticns of conjunctive terms from L ct
variablesalternating. Tte address cf the nucleus of 020 of s*ructurs

in figure 2 can be registered in the form

Ax Ay

1 1 1
=Aat=[Aala2...a_;_]-[Aalﬂaiﬁ...a:] ’ M
2 2 2

vhere i=1, 2, e.e, l.
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f FPig. 2. Block diagram of the formation of addresses of 0zU. §
‘ :

Key: (1). Index ragister. (2). ccunter >f instructions. (3). Indax

register. (4). digits. (5). Deccder. (6). outputs/yields.

{ Page 6.

This recoriing is valid, whep numerical length l is even; with ‘

odd

Ax Ay

1 1 1
A= Aa,=[Aala2...a;T-xl-[Aaz{_aﬂa.’;lﬂ. el (1)

Expression (1) and (1') make legal two-stag2 deciphering
addresses. The address of the nucleus of 020 of structure on £ijurs 1

can be registered in the form

A =YQ;Q, cen le (2)
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1
where Q,=Ag;, i=1, 2,....L,k=1, 2,..., M.

A quantity of the ccrjunctive terms Q lies/rests in the rarge
from k=0 to k=M and depends on the degrze of utilization of +%his

nucleus 0ZU in the prograr.

Prom expression (2) it fcllows that the two-stage deciphering cf
address in that form in which it is allowed/assumed by expression
{1), for the structure in figure 1 is in general not applied.
However, sometimes certain similarity of the two-stage deciphering c?
addrass to cbtain is possible. Thus, during the installatior of
specialized BTsvVH [high~speed digital computer] cn to the
boat of multiengine aircraft, the program, comprised for cnr engirs,
can be repeated for other engines with the appropriate constants,
input and output data. For this it is nacessary to only have tha
special (index) register the contents which will be changed v=sr urnits
after each cycle of the wcrk of prcgram. Entire program they
divide/mark off intc some quantity cf sections and at the =ond of cach
of them are changed content of index register per unit. A 7Juantity of
sections must be selected by such sc that

2!--&. ’”'SN‘, =N ay’

vhere luasper. - juantity of digits of inlex register;

N,, N, - quantity of outputs/yields of deccders.

SR e ok e s et 1

o
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Then the diagram of the formaticn of address cf OZU will take the

form, depicted in figure Zb.

Organization DZU of constants.

The classical diagras of organization of DZU is aralcgous

depicted in figure 2a.

Oone of the versions c¢f the organization [ZU of constants for tha
structure in figure 1 is the versicn, similar described above for

0Z0.

Page 7.

In this case is retained the address principle of rotations/accass.
Sinca for each task there is its set of constants, than the
recurrence of the addresses of ccrstants is very low. It is possible
to entirely exclude it, and then will beccme rossible two~- or more
stepped deciphering of address, But volumz of DZU of coastar* i* ce:n
prove o be very large; tterefore let us consider the possibilities

of its Cecrease.
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Bach high ccmps“ant (rumber) can ba prasantod in the form of %:a:
sum of the representatives of the classes of unity, tens, hundrais,
etc., i.s.,xf%ku,vhere i=1, 2, <eese N - quantity cf classes; j=0, 1,
2, eoep 9 - guantity of constants in each class. For examfple, a
number 3427=3000+400+20+7. It means, instead of one high cornstar<t

3427 it is necessary %to preserve fcur small onas and to fulfill four

operations of addition. But indeed such low cecnstants, for example, 3
for range P=0-4096 it is necessary *o have: unity - 10, ten - 9, |
hundrel - 9, thousand - 4, in all - 32, After decomposing them to
four groups (class) cf unity, ten, hundred and “housand, we will
obtain that for calculatirg any high constant in the instruction
system BTsVM it is necessary to have ths special fou:faddress
instruction, in which are indicated the addressas of the lcw
constants from 2ach grouf, which are subject to addition. The
capacity DZU of constants for this range becores constant and with an
increase in'tha lattar increases very slovly. The dependence cf %he
capacity D20 of constants on the range takes the fornm
0,1 Vs, +1gV mr, =1-+lg(P+1).

During this organization DZU of coastants, on one hand, is
reduced its capacity, on the cther hand, appears ths ne=d for
spending time on the formation/education ¢f high constant. In viaw cof i
the smallness of the capacity D20 of constants it can be carriad out K

on the semiconductors (for example, on the dicde matrices/dies) with

the high speed operation.
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Por furthar decrease of tipe fcr the formations/educa<«isn 3% hkigh
constant i* is necessary tc have ar addar with the high speed
operation, desirably single-cycle. Bes* for the present ins*ancs: is
the adder, which works in the ncngcsitional numaration systsm, for

exarpls, in the residual classese,

Let us considar one additicnal version of the organizati~n DZU
of constants. Lat it be ir the pregram it used by N of n~bi*
constants, The shaping urit of the addroess of constants is diagrarm
with lr input and N- outputs/yields, i.e., (L. N} - pole. D2U i<self
of constants is diagram with N~ input and n- cutputsy/yields, i.¢.,
(N, n) ~-pole, Task consists of the replacemant o9f thase tvwo (l. N) -

and (N, n)-pcles one (1, n)-pole,
Page 8.

If ve exanine the task of synthesis separately for each of the n
digits, then wve will have n(l, 1) -pcles to each of which will b«
distinctive maximum ¥/2 disjunctions. But if we for this diagram us=
the methods of the synthesis (l, p)-poles than possible in certair

cases it wvwill substantially sisplify logic circuit.

-1
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Lat us nanma this method ¢f organizing DZU the constants

no-address,
organization for transfer of cobntrcl.

The instructions of transfer of control (conditioral ard
unconditional transfers) cccupy ir any progras the considerabla
place. The spacial feature/peculiarity of these instructicns lies ir
the fact that they act not on the operands, but on location ccunter,

changing the natural order of its wcrk.

The code of the operatior c¢f transfer of control, formed with
the shaping unit of operation of BPC in figure 1, determines *h=
soment/torque vhesn contents cf location ccunter must be changad *c
the larger or smaller side. Value and directicn of change arce
assigned by the code, vhich stands in the address part of the
instruction. Let us consider the differant methods of changing

contained location counter.

Pigure 3e)depicts the most videly used method of changinj
contained location counter vhen tc the register of transition is
brought in the zode, registered in the addrese part of the
instruction, and from the latter it is revwrited into locatiorn

counter. In this counter circuit tesides the calculating must have

even and adjusting input. A quantity of digite of the register oF

transition aust be €qual *o a quantity of discharges of lccatior

counter.
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. xomand:
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)
‘ Pig. 3. Schematic of a change in ccntained location courter,
: ]
¢
.

Key: (). Register of transitior. (2). per. (3. Adder. (4).

Register. per., (5). Diagram ccnt., "0®, (6). location courtrr.
1 Page 9. 1

K If diagram for the fcrmaticn of each jumfp operation is (z,
1)-pole then the diagraws cf the fcrmation of the code of transitior
consists of q(l, l)-poles where q - quantity c¢f different

instrucztions of the transfer of centrol (for example, if we in the

instruction system eat instructicre BP, UOP(+), UP(-), UP(0), than

q=4); l - quantity of discharges the register of transiticn. )

Figure 3b iepicts ancther version of the schematic of a changz

T S e e g AP iy — - o2
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in contained location ccunter. Here the coda cn ths ragister cf
transition is formed by the algebraic addition of contained loccatiorn }
counter and value of a change ir the code of the latter (step/pi‘ch )
of transition), i.2., .

drep= €nep™ Ecu.x.

On the register of transition we bhave

€pr.nep =¢:I.:+A“p=1.op.

Transition from tha formaticn of the full total/complet? code of
transition ¢, to the forraticn cf the code of the step/pitch of
transition allows frcm the diagraw, wvhich contains q(l. l)-pcles. to
switch over to the diagras, vhich contains q(l. M) -poles whers u -

quantity of bits of code A,y which can be done considerably smallar

l.

A deficiency/lack in this diagram is the presence of adder;
however, its functions can be in certain cases transmitted %0 <hn

adder of arithmetic unit.

The modification of the described diagrare is the diagram,

depicted in figure 3c.

The step/pitch of transiticn, form2d with the appropriatz2

diagram, with sign (¢) cr (=) will te brought in in PrAo,,. This

registar must ba carried cut in the form of ccunter c: shif+
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register. The diagram of check of zero opens/discloses valve 3, aril
one of the valvas B, or B;. Reference froaquency fon, entering in Pri,,,
reduces its contents to 0. This mcment/torque is monitored by the
diagras of check which clcses the cpen valves., The juartity of
impulses/momenta/pulses, spent cn resetting t¢ zero PrAg, was carcied
to the bidiregtiowal counter cf instructions the conterts which was
changed to valuz A,y Frequency fon can be selected sufficiently high,
and bit configurastion PrA,, - it is sufficient low. But if value A,,
- is greater than can ccntain PrA,, then in the program it is
possible to place two or more instructions of transfer of ccn<rcl in
a rov then so that the tctal code cf transiticn would be equal “o
Ar+As+ ... +A,=A,,,.

Page 10,

Since valua 4,,, carries randcm character, then the cptimum bi<
configuration of register PrA,,, fFrcbably, will be equal to lecj, tha
sathematical expectation cf all values A,, of this program, i.2.,

oy logy M{Asep)
Pinally the bit of register PrA,, should be chosen only after the
analysis of concreate/specificsactual program taxing into account of

high speed and equipment expenditures.

On the basis of entire of that presented it is possible +o

propcse structure TsVM with the vired program (Pig. 4).
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The work of TsVM indicated cccurs +thus.

1. Under interacticn of cadence generator coniznts of counter of

commands increases per urnit.

2, Shaping unit of address BFA, carried out ia the form c¢f lejic
circuit, forms/shapes addresses of nruclei 0ZUJ in singla-prograssion

code. Let us name their address Y.

From the Sutput/yield of the register of indices is

formed/shaped single~-prcgressior address 02U (address X).

The shaping unit of constante BFK, carried out in the form of
logic circuit, forms/shapes ccnstan*t, if the same is necessary on

this stroke/cycle of the work cf lccation counter.

The shaping unit of cperatioms BFO, carried out in the fcra of
logic circuit, forms/shares the single-progression code of

operations; to each operation ccrresgonis single output/yi=li,

3. If is formed address cf nucleus of 02U, then is produced

reading of operand; if there is nc same, then is used formed




e
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constan+t,

4. If is formed arithmetic or sending operaticn, then arithmetic

b : unit implements i+,

i. ) If is form2d the operaticn cf transfer of contrcl, then ths

shaping unit of the transiticr BFF together with location countar:

imsplements it.
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Fig. 4. Block diagram of TsVM with the wired fprograa.

Key: (). Index register. (2). lLocaticn counter. (3). Arithmetic

unit.

Page 11.

From the description it is evident that with the work of tais
TsVM is not implemented cne %*raditicnal stroke/cycla - reading of
instruction of D20, what it was possibla to achieve, af<er recrlaciny

this process with the set of logical blocks.

Questions >f the equipment realization of TsVM of this s<ructur2

represent the object/subject cf further experiments, since it is

closely related to the specific prctlems and the programs.
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Of construction of nomograms in numeration systam in the ressi-iual

classes (SS0K).
I. Ya. Akushskiy, A. Ya. E'yanzin,

The nomographic methcds of the solution ¢f problems posszass
large simplicity and clarity. Ncmcgrams are ccmpact, and
response/answer through them is lccated rapidly. However, ths
accuracy of the solution is limited by the sizes/dimensions c¢f

drawing and, as a rule, it is 1lcw,.

In work {1] for the rurpcse c¢f an increase in the accuracy is
done the attempt to consider a gquestion of the prac<ical
uses/application of a system of nowcgrams in SSOK for the solution o7
some problems., dowever, in it are illuminated the particular sidess of
this ques+ion and the propcsed technical realization is limited <o

nomograms with the rectilinear scales.

Work (2] examines tte pecssibility of designing of
device/equipment, capable of using with the ncmograms, which hava

arbitrary scals shape. The prcpcsed in works [1] and [2] solu+iorns
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assume the need of storinc the fpericdic answer scale, which
3
introduces ths ccnsid=rable urjustified redundancy. Furthermcre, it 1
1
is difficult to use nomcgrams fcr the raverse operations as a rssul+ i

of the ambiguity of the rarks of the ansver scale. :

In work [3] these deficiencies/lacks are somewhat reduced, but
they are nct eliminated. This is ccpnected with the fact <+that durirg
the construction of nomcgrams on the independent foundations and
during the determination cf resgonse/ansver on them is used the !
positional reprasentation (image) tcth scal=s c¢f ncmograms and

resolving straight lines. ‘

Transition to the ncnpositicral representaticn of *he scalzs c*€
nomograms and resolving straight lines will make it possible to
reduce the deficiencies/lacks irdicatad and to obtain the

qualitativaly n2v properties c¢f ncmcgrams.

This werk is dedicated te questicné of ccastruction and research
of different functional dependences taking into account the spacific
character of deductions ccncerning nmodulus/module p, since precisely
these questicns play prircipal rcle in construction and use c¢

systems of nomograms SSOK.,

Page 13,
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f
Por this let us introduce some ccrcepts and we trace the propertics

of the functions, examined on the bcurdad set of integers.
Plane of integers on modulus/module p (Mzlp)

The locus, that correspqnds tc many regulated pairs ¢f numbars
in set |ZXZ|, vwhere |ZX2Z|,=|2|,X|2|,.2 the set of integers, 12}, -
the set of the integers, undertaken on modulus/module p; le*t us name

its plane of integars or modulus/mcdule p and let us designa‘:emzlp-

since [ZXZ|,=Z2XZ, to plane |0zl corresponds only the part cof

the points, which lie on the plane c¢f integers I:.
L2t us point out some prcperties of plancz |,
1. Plane|llz|, is lipited, since it contairs pXp points.

Consequently, all pcints of plane |TIzl, lie/rest squared by

size/dimension (p-1) (p~1).

2. Plane |lfzl, contains only points with positive integer

coordinates x and y and is representation of entire plane Ilg, moraovar
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any point of plane IlIz unasbiquously is mapped in*to point, which li:zs
on plane [Tz, and tc each point ¢f plane |lIz], correspcnds ccuntlass

number of points of plane IlIz.
Straight line or plane [IIz,

straight line on plare |lIz], we will call locus, which satisfy
the =2quation of the form

|Ax+By+C|, =0, 1)

where x, y, A, B, C,€lZ|,

since plan3s |Izl, is the representation of sntira plane Ilg,of
straight line |Ax+By+Cl,=0 on glane II, it corresponds the family of
the straiqght lines of the €orw
Ax+By+C=0,
whers 4_i%|,, B=|B|,, C=ICl,, z=Izl,, ¥y=Ivl,

AmA(mod p), B=B(mod p), CmC(mod p), x==x(mod p),
;— y(mod p).

Page 14.

By straight/direct cn plane [I; we undarstand the peirt set of

the straight line Ax+By+C=0 with the integral coordinates.
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on plane |z, of straight lire with the angular onres cocfficisnt
k let us name the point set of plane |IIzl;0 of coordinate of which th=y
; satisfy the equation of the fero
. y=|kx+bl ,, @

p vhere k, b, y, xe|Z|,.

Straight line (2) on plane II; corr2sponds the family of tha

= straight lines of the fore

W, e

y=1Fkx+b,
vhere y==y(mod p), ;=—=x(mod 45 Iak(mod P zsb(mod p).

e N AL

The equation of the form
y=\lkxl, : - @)
determines the straight line, passing thkrough *he originr of

i coordinates.
Lat us pcint out scme properties of operations with the smallast

positive remainders/residues, which escape/ensus froam the propertiss

of comparisons [4] and necessary fcr th2 follcwing presentation.

1. laxbl,=|lal,={b,,.

JUFRETERT L DO
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2. la-bl,=llal,-bi,l5
3. I-}L’l‘%)'
4, lal;=a, if o0ga<p.
S. If |a—bl,=0 and O<a<p, 0<b<p, then a-b=0,

6. If |a—b|,=0, then a|,—b|,=0.

P §

7. 1f labl,~0 morecver 0<a<p, 0KO<p A p - prime numbervr, then

either a=0 or b=0.
8. If |a-bl,=0, thon laj,°{bl,=0.

9, If "}

IT.=° ard 0<a<p, 0<b<p, tha2n a=(,

10. If i—% aso. then '¢|.=0.

»

11. If a==0, then la],=0,

12. If \|a+bl,=0 and 0ga<p, 0<b<p, then either

a¢+b=p,

a=0 and b=0 or

-

?
;
:
i
%
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If the absclute value cf rumter a is lcver than p, then

|—al,=p—a.
page 15,
Properties of straight lines on plane |IIZ,

Through any two points of plane |IIzl, it is possible to draw

straight lire and besides only cre.

Proof. Let on plane |lIzl, be given two arkitrary peints A(x,, y,)
and B(x,, y2). Through these fpoints on Cartesian plane II we carry
out straight lina; this is possible in view of the axiom of geometry,

such straight/direct single. Its equation takes the form

=% __¥—in

i—x, ' eé_"fn XeFXy, Y2F U,

Key: (1). if.

or

y=kx+b,
vhere

k=010 ,_ Wix—pn
X3~z X,—x,

If x,=x, OC y,=y;, then the equation of straight line will

respectively take form x=3x; or y=y,.

1. el

ey
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During the construction Lty straight line on plane |[I,, ar:
possible tvo cases.

1. "=,y—‘:::: integer, sraller p,

Then to th2 straight line y=kx+b on plan=zIlz,passing througk <o
points A and B, correspcnds single straight/diract y=|kx+b|,, passirng
through the same points or plane|l;l,, since any point of plane Il

unambiquously is mapped into peint cn plane |z,
2. k=ya-y,/xp-x, - nct integer.

We carry out direct

— Vr"!ln’ , 1T XYy
y Xy '2 + X9—x)

W
n
W

on planellz, angular coefficient of which i‘ﬁf—;—g!,- whole, obtain=3

result of 2he fcrmal division y,-y; on x,-x, ¢n modulus/mcdule p. T¢

it corresponds the unique straight line

Ya—iy
XeX)

x +

»

Tah— XY ‘ ‘
=% 1plp

y=|
on plane |z,

Page 16.

L2t us showvw that points A(x,, y,) and B(x,, y,) lis/rast cr +his

strajght line. (Actually/really ¢n the basis ¢f properties 1-13).

A e

PowoN
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= .ﬂﬂ:"l_yn.ll - yx(x.—:l) it —
y ’l—‘l’x E 2t I Xa— X, |yl'p Yo
since y,<p.
Is analcgous
= (s”Hh, Tol1— Sxy!I —
y Xg—X) + xg—2x, y29

since y,>p.

Let us show that line y=|%hch x+|ﬂ-”x‘—_%‘b- - is unique.
1T n1lp s %1 plp

Actually/raally l2t us assume that ther2 is another straigh* 1lina
y=|kix+by|, which passes through pcints A(x,, y,) and B(xz, V2). Le*
us determine k, and b, frcm the ccndition that the coordinates of
points A and B satisfy fhe equaticn of this straight line, i.e.,
yi=|kixi+bi},,
Yr=|kyx,4- balp.
Subtractirg y, from y,, we will ottain on the basis cf propertizs A

ye—y1=|kl(xs—x1)| .

Since y, and y, is less than g,

[ya—t | p— | Br(x2—x1)| , =0
or

[ya—y1—Ri(x—x )= I":l! - kz,"":"‘x'r_‘o

Xq—&y

vith x,-x,30.

PP

B

- -




unique, since k,~k, b,=b,

coordinates.

Theoren

of ordinates x=0,xe¢|Z|,,

3
]

Ix’_xl l’ *ov

!r'_h‘ kel =
’.—‘l » Ihll, ol

Ikl == ezt .

let us find b,.

y,—lk,z;+b,l,=|y,|,-lk,x1+b,|,=|y,—k,zl—bll,s
='“yl—'klxl|p—|bl|p|p=o-

DOC = 81024101 PAGE 2O
Since

; that
L, Va=ih _ ’a,
E l"—ll h‘,

s hence
i -
!‘l 3

Page 17,

E “? From exprassion y,=|kx,+b,
. !
] Since \|y,—kx|,<p and [b/,<p, that
4 1 —~kyxy|,—fby], =0,
1 ‘ vhence
» Ib,l,=b;=|y,—hx,|,= y,— e
4
S Consequently, the straight line,

Level (3) with different k=0,

1. Through any pcipt of plane 4

cr certain straigh* line of bundle wits ter-

it

Xg— X

YiX¥e— Xy l
xy—x  p°

x| =
l)

rassing through twvwo giver pciats,

Xg— X,

is

1 «esy Pp—1 datermin~s on planes

[Nz}, pencil of straight lines with the center in the beginaing »¢

|I'Iz[.

passes either “ha axis
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center in the baginning cf coordirates.

Proof. Since through twc pcints of plane|Ilzl,it is possibla to
drav straight line and besides cnly one, then “wo lines of tundla dec
not have common points, €xcept the crigin of coordinates. Bundl:z
contains p of lines (since k=0, 1, Z .ee, p=1), and =ach lire 2{ *the

bundle contains p-1 points, except the origin of coordinates.

Consequently, entire pencil ¢f straight lines contains
p(p-1)¢1=p2-p+1 cf points, If cre ccnsiders that the axis of
ordinates has p-1 points (excluding point (0, 0))), then in all i+
will be p-pel1ep=1=p2 points. But this is the total number of pcirts

of plan2 |llszl,.that alsc proves thecrenm.

Mytual location of points and straight lines c¢n planelﬂzb

The point of irtersection cf two straight lines we will call ¢t2

cosmon point, vhich belongs siasuvltaneously to both straigh* lines,

straight lines on plane |Hsly thcse not having common points, l==

us nams parallel lines.

Lamma 1, Two ncrcoinciden® straight lines on plane |Mzl, can

either intsrsect only at cre fpoint cr not to intersa2ct generally.
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Page 18.

Let the straight lines intersect in two cr more points.
Consequently, through twc poirnts it is possible tc draw twe diffarant

straight lines which cortradicts the property of straijght lines.

In order to> find the point of intersection of two straiqght
lines, lat us solve syste» of egquaticns:
‘y = |kyx + bylp. 8)
y = |kex - byl,p. ©)

The coordinates of the pcint of intersection of straight lines

(8) and (9) will take the forms

k —k
) (10)
_kadi—kiby l

kg_kl

Straight/direct (8) and (9), not baving point of intersecticn, let us
name parallel. In this case the ccndition of the parallelism of

strajght lines will take the fcro
ky=k,, ba5<b;. 11)

straight lines (8) and (9) let us name perpendicular, if¢

12)

1
ky=p — i’,;;' »”
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If the equations cf straight lines are registered in the forn
{|A,x+3,y +C1l,=0 as)
|d.x+Boy +Cal,=0, a9
then, by solving system cf equaticns (13), (14), let us find *he

coordinates of the pcint cf intersection of the straight linzs

x = [BsC1—BiCy l ,
»

A’BI-AIB;
- ,A;C.—A.c, ,
y AgB,— A, By lp °
In this case the conditicn ¢f the parallelism of s+traight lir:cs
(13) and (14) will be registered as
|AsBy— A1 Byl =0, @6)
and the condition of the perpendicularity of straighkt lines (13) and
(14) it will be registered as

lAlAz +BIBZI)=0° (17)
Page 19.

In the cas2 when three pcints A(x,, 7). B(X2, yY2) and C(x,, y3!

lie/rest on cne straight line, rust be satisfied the conditicn

=, - 222, (18)

Using properties A, conditior (18) it is possible to reduce to

the forn
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x hn 1
X2 Y2 1 =40. (19)
X3 Ys 1 P

Connection betwzen the straight lines on planes |Hzl,and I

Theorem 2. Straight lire y=|kx+bl, on fplane |M,, car be
decomposed into k or k+1 sections in such a way that the points of
straight line for each of these sections will belong to the

y=kx+b(i=1,2,...,k)
straight/direct A on flane II, parallel ones between

themsel ves,
Proof. Let us consider straight line (2) on plane |z,.

L2t us find the first interval for x in which Okr+0<p. In

. . . L4 .
this case of x it will vary frece 0 to '—% Since |kx+b|,=kx+b,

that the points of straight line (2) on plane II at interval
0<z<[’+”] lie/rast on straight lire y=kx+L,, examinad in %*he intarval
.

of the variation x from 0 %o -—;—", in this case b,=b.

L2t us further find the secord intarval for x in which

pSkx+ d<2p. In this case it is ottained, that x must be within “ha

limits frem %! to 3222 Consequently, in interval ['—:—b]<:<[3p_.—b]

[ ]
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" ¢f the pcint cf straight line (2) on plane [ *“hey hal2ng =

O

straight line y=kx+b, (where Ek,=b-p), examined in interval cf

p—b 2p—b
s <x< "

Page 20.

Let us consider the i interval for x in which

(i—1), <kz+b<ip.

In this case of x varies frcas ﬁ:ﬂ%ti_ to E%FE. Consequently, ir

the interval
l i—1)p—b I l' —
( p ‘2 < ip b,

of the point of straight line (2) on plane Il bpelong to straigh® l.rne

y=kx+ b (vhere b =b—(i—1)p), examined in the interval

(i—1)p—d
k

ip—b
<x<:—r—.
L2t us cosnsider, in what interval €falls point x=p-1 at tha
maximum value of b=p~1., In this case
kx+b=k(p—1)+(p—1)=pk+(p—1)—k>pk,

since kgp-1.

Consequently, pk<kx+t, and pcint x=p~-1 lies/rests at k+1

interval.,

If b=0,




-
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kx+b=k(p—1)>kp—p=p(k—1),

i.e, point x=p-1 lies/rests at a k-interval. Thus, we have a2
separation ¢f straight line y=|kx+b|, in the secticns so tha<+ thLe

points of straight line fcr each cf these sections belong to on:z of

the parallel between thewselves straight lines of family Yy=kx+b, ©°on

plane Il

L2t us find the points of intersection of straight lines wi%h X
and y axes on plane IIl. The first straight line will cross ¥ axis at
point (0, b), the second -~ at pcipt (0, b-p), th=2 i-th - at pecin: (O,

b- (i‘1) p) 0

The distance between (i-1) and the i point is 2qual

B——2)p}~P—¢—Dpl=p, 1=2,3...

Thus, all obtained parallel lines transverse axtS“T*Tﬁfﬁﬁqﬁ‘fﬁ?ﬂiiiif'JM’

gaps/intervals with a length cf r.

Since the straight lines are parallel and transverse axis Y
through the equal gaps/intervals, then, therefora2, they mus:

intersect and X axis alsc thrcugh are ejual gaps/intarvals.

Let us find the distances tetween the points of intersection c¢f

straight lines with X axis. Per this it suffices to determire

e et e e e oo
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distance along ths axis X among the first and secord straigh* line,
The first straight line y=kx+h,; tracsverse axis X at point GL&-{%L
and th2 second straight line y=kx+b, *ransverse axis X at pcint (0,
p-b/k) . The distance Lbetween the fcints of intersectior of the

parallel lines ir questicr with X axis is equal
Page 21,

Corollary. Any point of straight line y=|kx+bd|, on planz|Hdz,
lies/rasts to one of the straigtt lines of rfamily y=kx+b; i=1, 2,

eesy k, k+1 on plane 1I.
Functions their graphs.

W3 will considar that if ¢c each element,czll =x€|Z|, ara s=¢ in

the conformity one or several elements/cells y of set |Z|,
then on set |Z], 1s determined “unction y=F(x). . Bv domalin

of definition and the range of values of function y=F(x) is set |Z],.

Lat us consider the functicns, detarmined on sat |Z},.
corresponding to some whcle-valued functions, determiped on set 2.
Thus, if on set Z is determined certain wvhole-valued functier y=€¢(x),
or #(x, y)kp, k=0, T1..., then the corresponding to i* function,

determined on s2tlZ2|, wve will call the functiorc

y=F(zl,)=lf(x), (20)

in the case of an exnlicit assi+nment nf the functirr and
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O(lx(,yl)=I"x, y)|,=0 1)

in the case cof the implicit assignment to function.

If on set Z is preset whcle~valued function in the pararz*ric
form x=¢ (%), y=¢(z), to<t<*;, then thke correspcnding to it furction or
set |Z|, will ba datermined then:

x=®(t],)=[x(t)l,,

(22)
y=T(t],)=b(t)l,.

Let us nota that for any whcle-valued function, pres=¢t on s=2t Z,
i1t is nossible to unculelv nlot the functlion corresnmordin~ %o it »n

set |Zl» but to 2ach functicr cn set |Z|, can ccrrespond +he whelz

family of the functions, determinred on set Z,

Plotted function (20), (21), (22) will be the set of the points
of plane |Isl,sof coordinate of which they satisfy relationshirs/ratios

(20), (21, (22).
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\ Page 22,

thiiie T RO

E Functions y=P({x|,) let us name monotone not decreasing, if with
§ lxlln<l_lep {
F(x,) < F(x,|,), (23)

and aonotone that not increasing, if with |xi|,<|x|,

Flx1l,)> P(lx,),). 24
If in expressions (23) and (24) stand absolute inequalities, then
function (23) is called monotcne increasing, and function (28) -

monotone decreasing.

FPor exaapla, function y=|x%|,,, the graph by which is depicted in
figure 1, in sections [0, 2}, [9, 10] - monotonically increasinjy, but

in saction [3, 8] - not mcnotonically dscreasing.

Punction y=F(|x{,) ve will call periodic with the period l, vhare

l€|Z|,, Lf occurs ths equality the form
F( jxip +”p)= F(‘x‘p) (25!

for any value xeZ,

PR SRS

Por exaapla, function y=[4*|,, - periodic, with the period lxs,

vhich is evidant froam its graph, represented in rigure 2.
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Punction y=F(|x|,) let us nanme symnatrical rslative to axis x=a,

‘%

A vhere at|Zj, if
. P+ [,)=Fla—I=,),) (26)

K for all values xeZ In this case x=a - 1xis of symaetry. Function

y=F(|z[,) let us nase sysmetrical relative to point A(a, b), vhere

a,be|Z},, 1f
b+p—Fla+p—ixllN,=lp—bt Fla-+ixl,L,), (20

b O

for a1l values xeZz Point A(a, b) - center of syammetry.

PR R ]

peppee—y e
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“ Page 23,

Theoran 3, If function y={f(x),xeZ,ye€Z is symmetrical relative to
i axis x=o or center of symssetry (a, b), then corresponding to it
function y=~F(Jx|,)=|Ax)|, is sysmetrical relative to the axis of

i Sysmatry x=|a|, Of center of sysmetries A(la|,. |b],)

Proof. Sinze function y=f(x) has an axis of syametry z=a, the

f (a+x)=f (a-x). From the equality functions follovs the equality their

aoduli/modules, i.s.
lf(¢+2)|,='f(a —x)|p=|f(P+¢ _x)|,.
consequently,

F(la+x|,)=F(p-—a—x|,)

or

F(l |¢|, 'Hxlp'))=F0 I alp —lxlplp)'
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that also provas the first assertion of theores.

Lat us assume that y=f(x), xeZ,yez has the center > ;ametry
b), L.2.
b—fle—x)= —b+fla+x).
The equality & is, broken, if both parts of it are takean on

modulus/module p, i.e.
[b—f(a ~x)'p="l_b+f(a +x)l,

Ofe.
‘b—‘f(d "‘x)"‘)=l —b-+if(a +x)'p‘ 2
Since
If(x)l,=F(xl5),
that
|18, — P(la —xl,)l,=|—[bl, + F(a+xl,)|
or

]M)+P—m |¢lp‘|3|;+P]p)|;=lP—|b|;+F; (lal,+lx|,l o)

that also proves theores.

Punction y=F(|z|,) is called even, Lf

F G"p)"p “P""z l)lp) (28)
for any zez 1.3., it has an axis of sysmetry x=0, and odd, if

ip—F qp—lzup)l)=‘? (xl)) (29)

(a,

.
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for any valuex gz i.e., it has a center of symmetry (0, 0).

= \.,", Pags 24.
y=12u
b The graph o5f aven function y=|2x2|;,, is shovn on figure 3, odd,-
in figure 4. ' o

o : 3

3
: T Linear, exponantial and index functions.

i

.
i

As sxaaplas lat us consider the linear, exponential and index

BT

functisns, vhich have important value in nomography.

S Linear functis>n on set |Z], ve will call the function of the fors
|Ax+By+Cl,=0, _ (30)
i vhere 4,B,C, x,ye Z.
since

| 4z+By+Cly=] |4l Jxl, +B,lyl,-HC ), =0,

that values A, B, C, x, y can be examined froa set |Z|,. Expression
(30) corresponds on plane [II5], to the squaticn of the straight line

vhose properties wvere examined abcve.

The expona2atial function, determin2d on set |Z|, ve will call

the function of forna.
y=la%|,.
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Th2o0ora2a 4, Punctor y=|a*|,, reZ takes the different values with

differant x#0, if a the ~first-shaped root of nuaber p.

Yy y
10 ©
. - 9 Y 9
: 8 TALE IR 3 4 y
. ? A 1 ’ 7 FiL
A 6 1 6 I\l“'. i
. e 5 L \ 5 :’ “ll
i 4 f ¢ VLI
3 i \ N [
3
2 2
H 1}
0 1234567890 X 0 12345678910 X
L&
i Pig. 3. Pig. 4.

Page 25.

Proof, Sin:ca a is priamitive roots, ths coaparison "y =1 (mod p)
has unique solution. Then according to theores 2. 10 of work [ 4)

coaparison ; zA(mod p), vhere A is not multiple p, also has unique

D A

e [ R
.

solution.

Lamma 2. If a is the solutiopn of comparison of a*z1(mod P,
vher2 1 is not prisitive roots of p, then p-1-a is also the solution
of this comparison.

since g°.a—+=1, then a*-a*=mlmod p)

on the strangth of the fact that
qg—t=gh—1— (32)
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exprassion (32) cia be rewritten in the forna.
a*-a?'=*=1(mod p).
Since g*=1(mod p), then gr-1-» =1(mod p) a0d, therefore, p-1-a is the

solution, QED.

theorsm 5. Function y-|q*|,, x€Z 1is periodic, if a is not

primitive roots of p.

Proof. Sinze a2 is not prieitive roots of p, tha comparison

a®* s=1(mod p) have, in viev of lemsa 2, at least two solutionms:

(7
x=p—l—au x2=a, a<<p—1.

Key: (1). and.

Let us demonstrata that p-1-a is the period of function y=|a*,, i.8.,
la,=la™+r—1,.
But
la»—1— .¢",=“¢r-l-1' ° |¢‘|;l,=|“'l;-

since.
jo>1—),=1.
The exaapla to exponential function y={6"|,, is given in figure
S. As can be sasn from graph (Fig. S), the values of this function

are equal only at points x=0 and x=10, maoraover the values of
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function at thasa points are equal to one. Ancther exasple to

exponential function y=|4%|,, 1is given in figurs 2, vhere also at

points x=0, x=10 and x=5 value cf function they are equal to ons.

Ty This function pariodic, with the period 1=S. 1

Index function we will call the function 2f the fors

L
y=lind x|, a.x6|Z|,. ]
wvhera a3 - primitivse roots of ruaber p, vhich is the basis/base of 1

index.
Page 26.

: L3t us coastruct the graph (Pig. 6) of function y=iind,x ', with

a=6 and p=11, using the table of indices (4 ), which can be obtained

. by the solution of coamparison of 6*zA(mod 11). In cosparing the

graphs, given ia figures S and €, it is possible to note that the

graph of index function is mirror reflection Lty relatively
straight /direct y=|x|, of the graph of exponential function.
Exception/elimination is only point (10, 1 of graph in figure S,

which is not in figure 6.

As is known, the graph of logarithsic function on plane 1 1is
obtained from tha graph of exponential function by airror reflection

by relatively straigkt/direct y=x. Conssquantly, index function can




[
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be interpreted as the logarithsic function, undertaken on
sodulus/module p, i.e., index function >n set |Z|, corresponds to
logaritraic function on set Z. Let us shov that the index function on
|Z|, PoSSesses some properties of logarithaic function. For exaaple,
for ths logaritamic function is correct the equality form log,a=1. The

same equality is correct for the the iniex of function, i.e.

I md.di’= 1

It is known that the plotted functions y=log 1x and y=log,: are
syamatrical relative to x axis. Let us construct plotted function

y’“”d‘_x! xli. As can be seen fros figures 6 and 7, functions
s
y=lind 1/ x|, =|ind;x}|,, and y=|index|:: are symmetrical relative to axis
sy
y=0. Consequently, plotted function y=|'md;_}1 X, can be obtained froms

2

the plotted function y=,ind,x:, by its mirror reflection relative to

axis y=0.
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Page 27.

Lamma 3, Any prime/sismple number p has an aven quantity of
primitive roots in cases when a#=F%J, vher2 a - primitive roots of
P

number p.

Actually/rzally, since to different values x correspoad the
different values of function y=|ind,x|,,vhers a - primitive roots of
nuaber p, and function y==ﬁnﬂ%be is symmetrical relative to axis y=0
of function y= |ind,x/,.then to different values x correspond ths
1 %, and the basisspase of index

alp
/%4'19 also prisitive roots of nusber p, that also proves lemma.

different values of function y=lind

B e Ty | Y ey

‘z'
,
'
!
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Nomograms from the ad justed points in the leductions ewm

VWOChA‘e
p on plane |IIz,

I. Ya. Akushskiy, A. Ya. E'yanzin.

In vorks [1, 2] vere examined questions of the use/application
of systems of nomograms in numeration systam in the residual classes
for tha purpos2 of an increase in the accuracy of calculations. In
this case each nomograam in modulus/module p differed froa those
existing in teras 5f the fact that to points with the integral sarks
vere assigned the marks, equal to deduction on modulus/module p froa
the initial marks. Thus, during the construction of nomograms on the
independent foundations on the answver scale appsar different points
with the identical marks, which iptroduces the unjustified redundancy
into the represantation of the ansver szals and creates considerable

1ifficulties during the usa of noscgrams for tha reverse operations.

This work is ledicated to construction and research of nomograas
from the adjustad points in the deductions on modulus/module p whose
scales and resolving straight lines are constructed in the deductisns

according to moiulus/module p., This makes it possible to reduce
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periodicity on the scales and gives the possibility to use nomograas

for tha reversa operations.
Scales.

Lat us detarminoe the scales on the plane of integers on
modulus/module p Tz, analogously with the scales on euclidean plane
II. In wvork [{3) are introduced the concepts of plane ([Iz|,, different
functional depeadeaces on set (2|, and are tracad their basic
properties. The point of fplane |[I;j, with the ascribed by it value >f
certain variablasalternating uze|z|, vhers {Z|, - set of the intajers,
undertaken on mddulus/module p, let us name the marked point. The
value of the variable/alternating a which is ascribed to given point,

is called the mark of point.
Page 29.

Scale of variable/alternating ue|Z|, - the locus of the aarked poiats
of plane |[,, Lin2 on plane Mz, ©ON vhich are placed the sarked
points, carrier of the scale. The scales, in vhich the aguation of
carrier is a linear function, we will consider linear, all others -
nonlinsar. The functional scale let aus name the locus of the pmarked
points vhose location on the scale is determiped by the character of

the preset function.
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The evanly divilad scale.

In contrast to the evenly divided scales on plane J],
cha;acterized by the fact that cn thea the lengths of segments are
»proportional to sarks (for exaample, millimetric ruler, the scale of
the 1ivision of circumference into the degrees), the evenly divided
scales on plane |[I,, ve vwill call the scales, for the coordinates of

points of which are satisfied the condition

Wise—Yinlp=lyis1—yil,

Xi42—Xi41=Zi41—X;=1 Ana vvie IZ,‘,.

Moreover it is assumed that x;>x, if P11 for wijelZ|,.

It is not 1ifficult to note that any straight line, constructed
on plane |IIz|,, will be the evenly divided scale, if we the mark of

point consider the appropriate value of arjument.
Construction of the functional scales.

The functional scales in the deductions on certain
msodulus/module p are constructed as follovs. Let on set ]zy; be
preset certain function y=|Ax)|,. Let us compute all values of function

and let us requlate them as follovs:

i




DOC = 81024102 PAGE OF

fo=If(0),
H=(fQ)i, ?

fo—1=If(p—1)i,.

On plane [/, Let us consider certain straight line. For the f
fiducial mark A on the straight line let us takas the point, wvhich has
coordinate x, ejual to zero. Along the axis X we will plot/deposit

segmants with a leagth of f, 7, . and assign to points with

L fp—l
abscissas o, fi, ..., fo—-1, that 1lie to the straight line (carrier of the
scale), marks 0, 1, ..., p~1 respectively. Obtained thus scale will

reprasant the functional scale in the deductions on modulus/module p.
Page 30.

Lat us not2 some properties of the functional scales on planes
Mz |, vhich differ significantly from the properties of the ordinary

functional scales on plane II.

1. Punctional scale is discretes/digital and exists only at
markad points, i.s., unmarked pcints of carrier of scale are not in

any vay connected with fanctional scale,

2. Marked points there can be not more than p, i.es., scale is

limited.
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3. Marks oa carrier of scale can be placed nonmonotonically.

4. To some points of scale can be ascribed several marks.

The double scales. -

If we combine two scales witb the identical carrier one
functional, sacond uniform, constructed on one and the same scale,
then so that thaeir fiducial marks would coinciie, then wve will sbtain
the double scales, i.e., the scale, vhich has tvo series/rovs of
marks. On this scale it is convenient t> coapute the values of
functions for the different values of argument, Por this it is
necessary on th2 functional scale to find out the values of arguament,
and on the evanly divided scale at the same pcint to read the
corresponding value of function. And vice versa, knowing the value of
function, it is possible to detersine the appropriate value of
argument, Por this it is necessary to find the mark, equal to the
value of function on the evenly divided scale, and to read the
confronting against it mark of the functional scale. The absenca >f
mark against any value on the evenly divided scale tells about the
fact that this value of function there does noct exist in set |Z|, not

for vhat value of argument from set |Z|,.
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Thus, th2 iouble scales is the simplest nomogram and serves for
calculating the value of function, Its advantage before the tables of
functions lies in the fact that the double scales is more
jemonstrative and it is conveniently used. The assignment of the
double scales is equivalent to the assignment of table or plotted

function.
Index scales.

The index scalas we will call the functional scale, constructed
on certain straight line cn plane }IT;, for function y=|ind,x|,. This
scale has the important value with the execution of arithasetic

operations in the deductions con modulus/module p.

Page 31,

For an exaapls let us construct ths functional scale y= !ind.xl,
vith a=6 and p=11. The table of this function is given in work [4].

The index scale is shown on Pigure 1,

The index scale is the set of points with the marks froa 1 to

p-1. The locatiosn of marks depends on the value of the basis/base of

e i tcom s sl D BT >IN
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index (primitiva roots) and on the valuz of modulus/module p. The

first point of the scale has a mark, equal to unity, the second -

e b At e A e e ot

mark a, i.8., the value of the tasis/base of index, the p-1/2 point
3 . has 1 mark p-1. Tha latter/last, p-1 point of the scale has mark x, ‘
such, that iax|, =1 when x::f%h, These points are characteristic for

the index scale.

Nomograms from the adjusted points in the deductions on

.
A+ ——————— . - —aF—— =

modulus/module p.

PSR SUUNIVUSIPPSEIN CLRID Y SOUGPUMII SIUPT YL BECTCI N ST

Nomaograa from the adjusted peints in the deductions on
modulus/module p on plane |[I;|, for the aquation
if(u, v, w),=0 1)
let us name th2 nosograam whose aevery three values u, v, v, which

satisfy initial equation (1), lie/rest on one straight line, carriad

out on plane |[I,;, and vice versa, if u, v, v - sark of three points
of nomogranm, uhi:h lie on one straight line, then the set of three of
nuabers u, v, v satisfies equation (1). This straight line ve will
call the resolving straight line. The valuas of variable/alternatiag,

entering equation (1), are represented on the nomograa as the points,

vhich compose the scales of these variablesalternating. ¥The fora of |
nomogram, i.e., the form of its scales and their mutual locatisa on
plane f;j,, is 1atecmined by the form of the represented functional

dependence and by the method of the construction of nomograa.

ORI e 2+ 1 e ok <o

il Taahe s - - PRI
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Pig. 1.
Page 32.

Theorea. If for the equation
(4, v, W)=0 - 2

(vhere £(u, v, v) - full-valued function, u, v, v - integers) on the
plane II it is constructed the nomogram from the adjusted points, the
equations of scales of which take in the folleving form:

i =qu), ¥i=w(w)

I. V ’ ] . : (‘)
Vs X =ga(v), Yo' =w2AV)s

w': x;’=@3(w)9 ys'=¢a(w),

then for equation (1)
If(u, v, w),=0

nomogram on plane |[I,, Jiving the solation of equation (1), will have
equations of tha scales of folloving fors:

u: x,=|’?1(u)l,. Y1 ‘_“.N'l(u)ll' l

U x_r‘::("\';. " Qv-'._(..)ur {
w: x3=I23(w),, ya=lbgw),. «1




i
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so that

1 |2, N’x(“)l)

1 ledo)l, W0y || =0 &
1 (es)l, [$s(whplly ;

Proof. Sinca the nomogram, ccnstructed for equation P(w, v,
w)=0, i1s nomogram from expressed points, then, therefore, the
functions, entering the equations of scale satisfy condition [5)

1 ou) ()
1 o) $u0) {=0 (6
1 33(w) $a(w)

From the datermination of iaplicit function in |Z|, {31 if(u 0.0},
FQul, |vly lwly) it follows that if u, v, v are the solutions
of equation f(u, v, w)=0 that |(u|, |v|,, {w]|, will be the solutions of
equation P(lul,, |v}, |w|,)=0. but regarding in | Z |, the function, preset
in the parametric form, follows that for functions (3) corresponding

exprassions |u'|,, |V],, |w'|, will take fora (4). Consequeantly, (4 it is

the solution of equation (V).

Page 133,
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L2t us consider expression (6), undertakem on modulus/module p.

Then in view of the properties of operations with the least positive
remainders/resijues we obtain:

1 ¢u) i) 1 [l 19,

1 ofv) ) =11 lelodl, [el0)l, || =0. (7)

1 o) $30) 1l, H1 e, I9:lplis

substituting for lou), 14, 1sodp. [920), l3s@)l,. [9sw), their value from
(4), wve will obtain:

1 x) L
1 X3 Y3 llp

This is tha conditicn for the passage of straight line through

thres points (x,, ¥4), (X2, ¥Y2)s (X3, Y3) . 3]. Consequently, the sat
of curves with aquations (4) is nomogram from the ad justed points for

equation (1).

Equation (7) they will satisfy all sets of three of numbers u,
v, ¥, which are the marks of the points of nomogram, which lie on sne
straight line. But such sets of three of nuambers coaposa all possible

solutions of equation (1). Consequently, equation (5) contains asong

it solutions all soluticns of equation (1).




DOC = 81024102 PAGE ‘0

. .versely, if it is possible to find the equation of fora (5),
vhich -contains :11 soluticns of egquation (1), then for equation (V)
on plane|uzh it is possible to construct the nomogram vhose scales

are determined by equations (4).

In such a vay as for equation |f(y, v, w)|, =0 to construct
nomogram from the adjusted points on plane |H:z|,. is necessary to» finl
this equation

1 legul, 19,
111 ledolly Helolp || =0 ®)
1 o)y Ibo(disll,y
vher2 on the laft side it will be worthwhile the definition,
undertaken on cartain modulus/module p. Its first column consists »>f
units, and each line contains the functions oaly of one

variable/alternating which also are taken on sodulus/aodule p. The

values of the functions of the second column of determinant will give

abhscissas, wvhila tha value of the functions of the third column - the

ordinate of tha points of the scales of nomogranm,

Page 3.

As it follows from the theorem and the properties of the scalss

on plane |[Isf, the solution of equation |f{u, v, w)|,=0 wvith the help of

the nomograas froam the adjusted points will be always exact, since

i
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the intersectiosn with the resolving straight line with the ansver
scala occurs only at the marked point. Because of this during the
solution of equations with the bhelp of the nosograas, coastructed on ’
plane |MI2},, it is not necessary to carry out intarpolation for the

determination of response/ansver.

Classification 5>f the nomographed equations.

Equation |f(u, v, w)|,=0 we will call that nomographed on plane

[Mzl,, 1€ for it it is possible to find the equation of form (5).

The nomographic order of the ncmographed equation is called a

number of different functions of one variable,alternating in the

equation, obtained from (5) after its davelopwment/scanning and

5 simplification.

The lowest possible nomographic order - the third, since into
equation with threa variable/alternating must eanter at least
according to ona function of each of tha variables/alternating,

highest - the sixth, when all functions in equation (5) differeant.

Por example, the equations of the third nomographic order
contain according to one function of each o0f three the

variablesalternating u, v and w: UduN,.HAvN,.UﬂWNQ. and they can be




DOC = 81024102 PAGE &4
convarted to cartain simplest (canonical) fora.

The equations of the fornm

‘ - Ifa(w)lp=‘ Vl(u)lp 'Vz(u)ip‘p' . 9
If sl o= 1f 1), i Ao)5l5, ' (10
L@l o),V s plp =t | 2N I 0N+ o)l (1D) !

we will call respactively the first, second and third canonical fora

of the egnations of tke third ncmscgraphic order.

Nomograms class also according to their genre. The genre of

nomogram is called a number of nonlinear scales in it. The lowest
possible genre 5f nomogram - zero, when all scales are linear. The

highast possibla genre -~ the third, vwhen all three scales are

nonlinear.

Page 35.

Nomojrams of tha first canonical form of the equations of the thiri

nomographic order.

The first canonical form of the equations of the third

e e v

nomographic ordar takes form (9):
lfa(w)|p=[ |f1(u)'p'!fz(v)lplp- ’
P>r it by three different methods it is possible to write the ';
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agquations of form (5), wvhich reduce to three forams of noaogranas,

essentially different in the gecmetric structure.

Nomograms of zard> genre.

Let us register equation (5) for equation (9) in the followirg

form:

1 0 {f1(u)|p
1 .
| Ul l, 0|7 42
5 11 1 {fs(w), ||,

ravealing the definition, which stands on the left side of

equation (12), it is easy to check that equation {12) is equivalent

to equation (9).

Prom squation (12) we obtain the siaplest equations of the

scales of nomogram on plane |II;,.

They take the fora

O\mKank u: x,=0 yi={f(u),
1
UIKAAN U X;= ,—-——1_(,,(0,‘, L Y2=0 . 13)
MRAAN W x3=1 ys=I|fs(w)l,

Key: (1). the scale.
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All threa scales of nomogram are linear. Consequeatly, ths
nomogranm of equation (10) with scales (13) is the nomogram of zero
genre on plane |II;]|,. The scale of the variable,alternating u will be
arrangsd/locatad on Y axis, the variable/alternating v - on axis X
and variablesaltarnating w - on the straight/direct, parallel Y axis

and distant behind it at a distance, equal to one.

As an exampla of the nomogras of the zeroc genre of the equation
of the first canonical form let us give the ncmogram of
multiplication aen of the natural series of numsbers on amaodulus/module
11, depicted in figure 2. The points, which lis on the dotted line at
the i1ssemblies 5f reference grid, are points of the resolving

straight line with multiplication 17XT|i.
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Fig. 2.

cage 36,

In this case tha point of intersection >f the resolving straight 1line

and ansver scala has a szark, equal to five,
Nomograms of the second genre,

Lat us vrite equation (5) in the fora

1 ), W),
11 p=1)lp 20N, || =0 (14)
1 0 lfs(w)lp »

In viev of the properties of operations with the smallest positive

remainders/residues equation (14) equally to the equation

o catin i

P
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1 fi(w) 1Xu)
1 —fAv) fXv)|| =0 (15)
1 0 fa(w) P

revealing the laft side of equaticn (15), we will obtain

| v 4 1wl p « I () F L) —F s(w)] ol ,=O. (16)
Whence it follows that the soluticns of equation (9) are the
solutions of equation (16), and also, therefore, equation (14).
Consequently, egquation (5) for equation (9) can be registered in the

form (12).

The equations of the scales cf nomogram will be the following:

(Y yemarsg u: x,=|f1(u),, ¥=lf{{u)|,
QOmmanm v: x=|p—|fov),lpr ya=lfo), |- an
) mzanu w: x3=0, Ys=ifs(w),

Key: (). the scale.

]
f Excluding the variables/alterrcating u from the equations of scale

N

u, lat us find the equation of the carriar of scale u:
y:,lep-

Exception/aliajination of the variable/alternating v €from the

equations of scale v gives the sare result. Thus, the scales of the
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variablesalternating u and v have general/common/total carrier. The
carrier of scale w is the straight lime, which coincides with the
axis of ordinates.

As can be seen from the equations of the scales, this is the
nomogram of the second genre, since the carriers of scales u and v

are nonlinear.

{ : Page 37,

N

§ i As an example of the nomogras of the second equation of the
first canonical form let us give the nomogram of multiplication men

4 of the natural series of numbers ¢n modulus/module 11, depicted in

figure 3. sinc? scales u and v coincide, lat us agree upper mark to

carry to scale u, and lower - to scale v. Dotted line showed the
resolving straight line with multiplication |7x7|,=5. Analogously it
is possible to consider and to coastruct nomograms for all remaining

canonical foras.
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Page 38.
Mathematical siaulation of the thersal work of soaking pit.
B. R. Amangel'diyev.

In vorks {1, 2] is proposed the mathematical model of the
process of heating metal in the soaking pit, Por describing the
unsteady temperature fields in the laying and the heated metal are
used the aquations of thermal conductivity with the boundary
conditions, the reflecting results of the contemporary theory of
radiation heat exchange [3, 4]. As the basis of the construction of
nodel is assumed zonal method {5, 6], in this case vith a nuaber of
surface zones are cornected the lateral faces of ingots and the
surface of layiag, and as the volumetri:c zone is selected the

internal space 5f wsll, which contains the heating environment.
Page 139,

The mathematical formulation of task takes the fora:
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exladla) 2D = 2y q) 2izut)) M
0< x1< ll- 4 >00
a(xy, 0)=g¢,%(xy), 2

M) 240 —o 4, Al -0, ]+ (g)
+4°oA1“'4‘qu‘(t)—Qx‘(0. t)),

M) 200 —s 4, dbulah, =0 1+ (g)

+40,4,09 p[ut(t)—a,'(l, t)], .
aq,(;: L aza:q;(:;:' t). 0<x,< 1y, 5)
q2(x2v 0) = on(xz)' (6)
—hy 20D —afu,— 040, 1)) @)
Ay aq,(z,', D _ 4n35,A, 4,900, (4, t) —a5'(l, 8)] + @®)

+450 409 x[u!(t)— ' (L, 1)),
u(t)=[7Qu(t)+pcq.(t)+pcyg.u(t)+43,4, 3410yl )+
Fu(t)a . t)+uXtDFingi(ly, £)+ 420 4:29(qlls, 1)+

Fult)Xg L2, t)T+u¥(t)) Fagille, )]-[(1+-7)pce(t)+ 9)
+40o4,a91(q,(1, 1) +ult)N gAYy, t)+uXt)Fn+
+ 45,439 2(qlz, t) 4+ u(t)N@KLzs t)--uH)F,I, R

vhere g, q;u, u, - tsmperature of ingot, laying, heating and external
anvironmsant respectively; 1., 1, - size/dimension of the cross
section cf ingot and the thickness of laying: c;, Ays N2y, @2 -
thermophysical coafficients; p, - density of metal; P, P, - surface
area of ingot and laying; i, iz Y21, Y22 - generalized coefficients of
radiation heat axchange; a - degree of the absorption of air-~-gas
environment; y - coefficient of the flovw rate of air (it is accepted

equal to the product of the real coefficient of expeanditure for a

IRORIINOER D v wegn, 2rh g 4 AWt G et
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quantity of air, theoretically necessary for coambusting the unit
volume of fuel/propellant (7]): p, ¢ — density and the heat capacity
of air-gas environment; v(t) - the consumption of gas fuel; Q - fuel
heating value; 4 and g - temperatura of gas and air at the input
into the well; n - quantity of ingots ian the well; s, - constant of
Stephan -~ Boltzmann; A, and A, - degree of the dark of the surfaces

of ingot and 19ad; x; and x, - space coordinates; t - tinme,

It is necessary to deterpine the temperature states of ingots

and laying under the preset lav of the admission of fusl/propellant

v=v (t’ .

This articlas sxamines a question, that ccncern computational

aspects and specific applications of stated problesm.

Page 40,
Computing circuit of the soluticn of problea.

W2 convert the boundary conditions (3), (4) and (8) to ths fora
—hy(a) 22 —a, [gylly, £)—000, B)H-aplu(t)—,0, )], (10)
Mg 2D —a, (0,0, )—ay(hy Ol 2du(t)—aily, 0], (1)

by 20 D o0t )ty O andu(t)—adn, 1), (12)

PRIV
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vhere

2y, =04, A¥u[ 010, t)+aly, )a*(0, 1) +a: L, 2)},
2, =45,4,39,5[0:(0, 1)+u(t)[g,%0, t)-+u¥2)], (13)
3 =4n3, A, 4,%21[ 012, 1)+ qilly, 1) MaAl, 1)+, 1)),
T =43 A2 ¥nlalla, )+u(els, )+HuX))

Then instead >f expression (9) we obtain

u(t)=["Qu{t)+pecq(t)+pe1tst(t)+21.F nay(hy, t)+

(14)
_ +25 Fy0x(lz, t)I(1+7)pct)+ayFin+an Pl

Using, according to [8], the replacement of the

variablesalternating

4

= j"‘x(‘)dc. (15)
0

from equation (1) we will obtain

‘”(3:. t) ﬂ(’p ‘)

= a,(q)) ——1— (16)

vhere 1, - coefficient of the thermal diffusivity of the heated

metal.

Boundary co>nditions (10) and 11) respectively take the fora

_ ac(o D —a,lakls )—a,0, o dut)—g,0, )] (A7)

00(11. 1) =2y [gla, t)—q,(l;, )]+ Jult)— g1, 8)).  (18)

Page 41,

After usiny to equation (16) iamplicit grid diagranm [ 8,

9,
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will obtain

8,7 +1—0,J o2 -20]* +0/H}

=a1(a{,;) At 1 t=1,....m—1,

vhera h, - step/pitch along the axis x;; v ~ step/pitch on the
time;
el’=e(ihxv J=).

Parther conversions of equation lead to the expression

At —C 8/ By 8¢ =—F,,
vhere

arfel. ) aifed. )
Au=Bi=——, Cu=1+2—5—,

Fl'(=611) i=11 cesy m_l.

(19)

Por solvinjy the obtained system of algebraic equations ve use a

dispersion method {B8]. Thus, we have

641 =q,, t+19{4+-11+pl. 41, I=m—1,...,10, (20)
vhore
B, Ay Bt Fy 9
— » R e ——— 1
U =G4 A’ Bi 11 Cri— 41,9 (21)

i=1,...,m—1,

‘529 finite-difference approximation of boundary conditions let

us leal wvith ths ha2lp of method {9), which consists of the following.

We have
a9(0, ¢ .1 3%(0,1 .
sy )= 80, 1) + T by S5 b0

or

6I—ol)=,' 30(0, ')+L H(on") hl_]_o(hlz)
2 381 ! *

k| ox 1
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Page 42,

. i rtm———— s

After replacing the second derivative of B on x; ia thz righ+t sila of¢
the obtaired rslaticnship/ratic with the left side of esuaticn (14), H

ve will ob*ain

o e ety e

=8 1k 0M0,1) _ 3%0,1) :
*—-hl 2 al(ql.o) at i axl T O(hlz) .

Let us substitute the lef* side of this expression unisr
boundary condition (17):
Ay 9°]+1__ 8, )— ;
ay(g/, o) ® . = (e, —

"9’1.0)‘}‘512(11’— Pia).

8/ +1_ g it
- o

-
2

Let us not2 that ¢ and ¢nm - temperature cn <hé surfaces cf

ingot; 920 and 92r - temperature respectively or the external an?

internal surfac2s of laying.

From the lattaer/last relaticnship/ratic w3 have

1 a3

- I+ayhy(qdy —
2 alghgr 0

1 .
90;+1 = _T 611+1 4+

_—
2 al(qjl,o)-‘

1+

"‘q}l,o)'*'“nhl(ul“qjl.o)
1 _ A ’
2 ay(q) 9t

-~
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after comparing this expression with (20) at the approrriats va2lus ot

index i, we will obtain

1
Q1= :
1+ L&
2 01(911,0)1
Ry
8a= 2 agdy 9= b/ +aukilely ,— 0’y 9 +anml —g/; g)
12 L . (22
T ay(als : \

For right bourndary conditicn (18) we have

W=y, =8t 1) + Z9e L (—hy) 5 T h )+ OBy
or
by, , 1 & 0y 1) __ aﬂ(l.t) +O(
h; + T 61(1“') a“ l hlﬁ
Page 43.

Then boundary condition (18) can rLe represanted in the forn

.o
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PR
}l‘ 2

= =4,(¢’2.r —

al(qjl‘m)

- qjl.m)'*'alz(uj—qjl m).
From the lattar/last expressicn, using (20), we will obtair

1w , .
—_—— ejm‘1"31_,,.'*"1;’11(‘112',.-?"1‘,,,) +

v 2 a@d )
b =
1+

Lk
2 ay(g/) )=

(23)

taahiui—gdy o)

“Nm

For the transiticn from € tc q, on the basis cf expressicn (15)

it is pcssible to register

e‘=)‘1(elq1-i)q1vi’ t=0| lv o.My,
vher2 parameters e (0O, 1] can te detarmined with the help cf th-

procedures of *he search fcr roct.

Howaver, by us fcr simplicity of calculations is used *he

expression of the foru
1 Y +1
6+ =2 g,

wher2 Iq;.— average/mean value A, in *he segment from J to qih,jv).

Thus, we have

L.

¢+u=fg—m“h i=0,1,...,m. (24)
j W4 .
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For solving equaticn (5) is used thz implicie grid ifciraa:

1
i - 41. —a,- '74.1-1—1"2'“1'*'44;4-1

hy! )

wher2 h, - step/pitch alcngy the axis X2: @iy a=qohkh,, j4).
Page Uu4.

Lat us present it ir the standard form:

A2a g1 —Caaa) 3} +Bragfih = —Faa,
shere

Azh—Bz.x——h,; Cz.h=1+2%‘5-. Fir=q/ss. (25)

3

The solution of the cktained system cf algzbraic esqua%icns is
realized alsoc with the help ¢f the dispersion method. We havs

qzj 1= h+1q2'.+1 +Bower, k=r—1,....1,0, (26)

whera

Bya 8 ﬂ_“u Prat Fy,

a3 p4y=——————, = .
Cap—Azs%, Can—Azstay

(@7

For the finite-difference appreximation c¢f the boundary oanzs =of
arbit., esquation (5) let us use the method, described abcva., 3cundary

conrditior (7) is represented in the forn

J41_git+l )+ J
92, — 920 1 h, 90 '—alo
— ___.___—*_-____ — 1+l

A < hy 2 a0y ® =Taclitn %0

Hence we have
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.l. )_‘_b’qu °+ azoh.u-

43— — e
. 4 » hqt
Ayt -27:‘-: +ag,hy ht—5 ,: ey +¢u‘|

af er comparing this exrpressicn with (26) at tha necessary valus

index k, we will obtain

1
Ay 32 2 a4 2 o 20ksx @8)
Qg By, — i 28
. . 1 2 h E3 » 1 A 1 .
b N

Boundary condition (12) after the nec?ssary conversions is

represented in the form

M(r’ q,,_l+z :’ o ';"_-)—u..(g{*,

— eft)+anle/—gf3).

Prom this expression and equaticn (26) we will obtain

1 Agh,t
7 7,?« i teabetd bl

ql+l A
:+T 25 +':l*a+¢a"|—‘t“z r

(29)

Page U45.

As a result the system of equations (19)-(29) togather wixi

initial conditisons (2), (€) and relationships/ratios (13), (14

to us the mathematical model cf thte process of heatirg mezal in

soaking pit, represented in the discrete/digital form.

of

B3 T e

iy
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In th= implementaticn the tasks on TsVM cf +he

deperndence ¢f

thermophysical coefficients a, ard A, cn the temperaturs arr

represented by the piecnwise-linear

. 1P
hay,) =4+ q:::_qk(QI.i —qy

1=

Gy ax
a)(q1.1)= a.+ﬁFa(¢h,t — Q).

if
0 < 01,i<qk+1,
@) =ro  84(1.0) = Qo
if
Q. < o
)‘l(ql.l)=lN' al(ql.‘)=aﬂn
if
q1.i > qn.,

vhere k=0, 1, Xy G Qa the

oo oy N;

the basis of the preset dependernces

expressions

, (30)

(31)

(32)

numerical s2quences, ob*ain:i

ay=a, (q,) and A=Auq).

the

The calculation of the ccefficients of radiation heat exchanjys

Vs V1229, Y22 is connected with the crtical and g=ometric struc*turs o7

heating device/equipment. The gecre

form and sizes/dimensions of well,

try of object is determined by

ty form, quantity and

sizes/dimensions of the heated inccts and by charac*er of th~i:
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arrangement/position in well.

Coefficients ¥$m ..., 22 are calculated by two methodis: 1) by *h¢

. formulas, given in works [3, 4}, 2) with the belp of the me*hed feor

statistical testing [107.

In resclving the =2quations of the dyramics of “he mathematical

. model of object appears the need fcr determining the temperatur:s of
- gaseous medium from relationships/ratio (14) undar the corditiecns
€13).

T

Page Uué6.

For this purposs th? subtask indicated is reduced toc +he search fer

E the rcot of the expressicr
' ya(u)=yi(u)—ys(u), (33)

vhera

. d1+d,1,,(u)+d31,_2(_u_)_
yl(u) - b]'f'b]7]’(u)+b3qu(u) (34\

- the righ% sida of equation (14), and y;3( u)=u - lafe,

L2t us demonstrate the existerce of root and its uniqueress., I+

is easy *o establish/install the fcllewing: 1) with u=9, y,>0, sirce

TN T Y R IR,

Y1(0) >0, y3(0)=0; 2) with u—>e=, y,=—>cons*, a y;~d=. Ccnsequ=r*ly,

il' _we —
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will bte located such values u, at which y<0.

ty
(24
[ o

H

Hence immediately ensuessescares/flows out th2 existenca2 o

root of expression (33).

Since fer of the real values cf correlation cozffician*s (34) P

take the place of the ccnditicn

di>b; (i=1, 2, 3),
then y, is tha monotorically ircreasing functioa from u. Frem 4iis
fact, and also point/item of 2 present proofs follows the uniqusznzss

of root.

A procedur2 of the search for tha rcot of squacion (33) have

realiz=d we with the help of the method of "gclden secticn [ 11].

Similarly, one step/pitch cf the solution of the prclklsn in

question is represented in the fcrr of the following set of the

operations (we assume that all recessary values toward the

moment/torque of executing j+1 the step/pitch are krnown).

1. Prom ralaticnships/ratics (13) and (14) with the help of
procedure for finding rcct we determine temperature of gasecus nedium

u(t) and ccefficients oy, ecves G322
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2. We find a,;(gqy) and Ay (g,). We comput2 on (1%)

.Al.i- Bl.i;CL‘. Fl.i (i:1' 20wy m-1) -

3. We count from expressions (22) @x! and Bw. Then on (21) w2

calculate the value of auxiliary ccefficienss a,; and Bu: in *h= ’

v.s om.

assemblies of grid regicn frcr left to right.

4. According to formula (23) we comput2 6/#  With the helo of é
dispersion relationship/ratio (20) we d=2termine ©6; on the assa2mblics
of grid regicn from right to left. Using expression (24), w= cp*ain ¥
the temperature distribution in the ingot at j+1 s*ep/pitch en +he r

time.

S. We find values cf coefficients 221 and B1 on *he basis (2R).
In formulas (27) we fird coefficients ®*iand fa from left %tc rigut,

after determining preliminarily frem relationships/ratios (2%)

Az.x. B2k, C2n Fan.

6. On formula (29) we compute tempzrature on interral surfac= o¢
laying ¢4*'. using dispersion rclaticnships/ratio (26), we determirnc
the temparature in the laying or the assemblies of grid region from

right to left.

Page 47.
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Algcrithm of standard@ mcde/ceorditicns.

In th2 practice of metallurgical production are applied the

ey diverss modes/conditicns c£ heating metal in soakiny pits [121.

W2 have reproduced and by the help of the worked out mcdsl tt=
* following mode/conditicns of heating: maximum heat output in <he ;
: first period and prescrited ccnstant temperature on the surfaca of

ingot in the sacond pericd. w

Mathematical model (19)-(29), {(2), (6), (13), (14 ir *h1s
program, comprised in an alpha-language, is desigrned as procedure i,
; The algcrithm, which realizes the selected mode/ccnditions of

heating, is represented ip the fcrr of a block-program in Figu:e 1.

Lot us clarify the werk c¢f algorithm. In the process of heating

is realized checking the ccnditior
a(h,t)>D, (35)

.whare D - presat tamperature of the surface of ingot. If this

condition on is satisfied, then cccurs transition into *he baqgirring

. 0of program to procedure H.
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But if this condition is satisfied, then i3 conducted tha r=2az-5

for such feed of fuel/prcrellant, during which conditica (35) w31} ©=

[

broken. The named search is designed as the search for <Lz roat of

the expression
y=D—ei—qul, t), (36)

wher2 ¢ >0 -certain assignad nurber.

It is obvious that with satisfaction of conditicr (35) y<), and

" with

Qly, t)+e,<D 37

y>0.
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ug = uo
J) L
Lus=uz} [ usieus ]

l U2 =yl I ut :=yg

I 1
Lutruosus-z] [Cuzrewous-ur |

Key: (1). on.

Page u8,

PaGE (5

For the solution of the problem indicat2d is used the resthpol 24
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"golden secticr® [ 11].

In the precess cf the werk ¢©f rrogram under condition (35 1is
conducted checking the relaticrship/ratic
<8, (38; |
vhere ¢- - valua of the ipterval c¢f urcertainty/indatermirarcy, 6 -

preset accuracy of the search fcr rcct.

If &>6, then the search fecr rcot is contirued for transsitior tec

label 4,, otherwise we ftave (Fig. 1)

= 3 (n+uy) (39)

and we pass tc label M fcr the access to procedure H.
Results of numerical sclutions,

Calculations are carried ocut for the well by the size/dimersicn
5.2%x4.5%x3.15 of m and ingcts they became the trand »f 03 KP *the
size/dimension 1.2x0.7x1.86 of m ¢f the typa VS 13,3, The coefficizr+
of the volume absorption cf the heating envircnment a is accegpted
squal to 0.11 1/m, and emissivity factor of tha surfaces cf injcts

and laying - equal to 1,

Are preliminarily calculated the coefficients of radiation hea+
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exchangye, For the case cf heatinc 2ight ingots “hey hnavs 4h+
following values:
$1:=0,534; ¢12=0,350; +;;=0,008; 122=0,824.
The functional dependence cf thke thermophysical charac*teristics
of ste2l of the brand o¢f 08 KF c¢rn the temperatur2 is cecns*ruc=ei crn

the basis of data of work [13].

Are selectad the followirg values 5f +he thermecrhysical

parameters of the material of laying X,=1.31 W/medeyg, 2,=0.03023 m2/h

[14].

Calculaticns are2 carried out a*t the values of the parameters of
the model: 1) =1856 W/r3e¢h, 2) ¢.=600°K; 3) ;"=1°°°°K.‘ 4)
y=1.61 (taking into account the cltservation, given abov2); 5) pc=0.40
Weh/m3edeg, @) n=0,8; 7Y v=4000 m3/h (at the maximum hea* outpnus
of well):; 8) Py=7.07 m2; 9) F,=10€ p2; 10) 1,=0.9 m; 11) 1,=0.7 m;

12) u, =293°K; 13) D=1523°K; 14) ape=1168 W/m2edegq.

Calculations are carried out cn TsVM BESM-3M. Examples of the
solutions (heating eight ingots of hot settlement) are given in
figures 2 and 3, where 1 - consumgtion of gas fuel, 2 - tzamperatucs
of gasaous medium in the well, Z - temparature of th= interrnal

surfacz of laying, 4 - temperature ca ths surfac2 of irge%, 5 -

temperature cn the axis cf irpgot, ;
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Page 49.

The figure 2 correspording to tke high 2nthalgpy cf laying irtc the

the initial moment in tire, and fiqure 3 - low. !

The analysis of results gives grcunds to do following i

.

conclusions, |

1. Worked out algerithm cf simulation of standard .
mode/conditicns correctly realizes cne of used in practice

modes/conditicns of heatirg.

2. Common picture of course ¢f process of heating metal in
soaking pit, according to data cf calculations, will be coccdinateAd
well with physical representaticrs about object of s+udy.

3, In all casas is very clearly visible period of langu=cr.

4, Iritial enthalpy cf laying, cthar condit*ions being =gual,

determines, actually, entire course of the prccass of h2a+ting aessal, :E

especially sharply having effect cn heating time.
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Interpolaticr codes, which correct =rrers.
V. Y. Anmerbdaev, R. G. Biyashev,

Pinite-differenze liagram ard task cf s21f cecrr=action.
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Lcng befer2 the emsrgerce c¢f +the +*h=2czy cf ths ccics

correct errcrs, in the theory c¢f interpclation werz use

—

the mecheiz
of datecticn and ccrrecticn of errcneous values in the tables of
. functions, The capability of interrclaticn prcczdurzs for th2

correction of errors most brightly is exhibitea during the

equilistant sel=zcticn cf %the assergtlies of Interpclaticn. Thi=z face
is discovered due to +the svecific behavior of finits differancas i
) the higher orders. Are traced belc¢w som2 versions of the cons*ruction

of the codes, which ccrrect errcrs, in light c¢f the carability ¢

th

interpolation procedures indica*ted fcr self ccrrecticn. Let us »

v
Q)

frcm an illustrative exarfple.

Example. L2t us consider the field of dzductions on
modulus/mcdule p=11, Let L2 preset the sequencs ¢< symbels ¢ nin:

elements of the full/toctal/corplets system of d=duc=ions cn %k

U7

modulus/module (3, 7, 9, 4, 5, 1, 8, 3, 2). Let us compose oz =hi

37

sequernce the table of finite differences.

/ L3+ us further continue the table of Jifferencas, eftar f1llir:

in i« the vacant places.
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r ool as | as | we | as | aefar]as
3

7] 4

9lz2| 9

41 6] ¢ | o

611 (.} 2 7

1|7 6| 0] 9 | 2

sir| o| s 8|75

3| 6(10 10 [ 0 4 |10
2 {10 4 ] [} 1 1 81 9
Page 52.

For this purpose we will ccunt the diffarence 48 cf constant (in
this casa A%=9)., This is implemented by procedure, reverse to the
calculation of finite differences, for example, for the new valus A?

ve will have 8+9 (mod 11)=¢€.

Lot us write sut the latter/last line of differences and let us

use to it the procadure ¢f the continuation of tabls,

As a result initial code 3, 7, 9, 4, 5, 1, 8, 3, 2 is
supplemented by tvwo new pcsitioms: 2, 0; subsequently all symbols o€
the code periodically are repeated. This expanded code we will
considar as surplus. Let us introduce distortion, fcr example, inte
third position of the ccde in questicn, after replacing symbol 9 wizh
symbol S. Let us compose for disterted code 3, 7, 5, 4, S5, 1, 8, 3,
2, 2, 0 *able of differencas (taking into acccunt to pericdicity). W~

vwill obtain:

T T e
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HER g S s A g

=
Z
&
Z
"{0

-

*

0 6
0 9 9 8 0 8 0 » 9
3 3 S 71040 2 2 9
?7 & £ 7 0 ¢ 2 0 9
9 2 9 8 ¢ ¢+ Q@ 9 9
& 6 « 6 9 8 7 7 9
s 1+ 6 2 79 1 S5 9
t 2 6 0 9 2 & 3 9
8 2 0 5 %5 7 S & 9
3 610 10 S 0 & 0 9
210 8 5 6 { L 8 9

Page 53.

Prom the analysis 5f this table it is evid2nt that it possesses th:
discovering and correcting ability: distortion in the con<trol column
is the sign/critericn of error; the distorted part of this cclumn is
limitel to the pairs cf the undistcrted symbols; the hcrizer+al
outline of the listorted part of the table cof finite differ=ncas
indicates the distorted pcsition c¢f the initial codz. Correction ca»n
be carried out in the undistorted line, which directly adjoirs that

distorted:
0\\3\\;\4\VJ .ﬁ\ﬁ\\r\g

Based on this examfple is shcwn the possibility in principle of
using the methods of self cortecticn, used in the thecry cf
interpolation, for the ccrstructicr cf the self-correcting cecdas
However, the construction of the tatles of finits differerces

especially at the high values cf f and the survey/coveraga2 of thes?
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tablss - prcceiura is bulkxy., Ir crder nct %c enunezats L~ -abl:

dif ferances, w2 will uss *hes structure 2f ®h= formula ¢ & fizi<:

cmean g e

difference ir ¢*he m order for the sequence of numbars @nGy ..., .0l

ATqy = kz_._‘o(—l)”'"{.’lg)’:..

138 of charactezistin p, o)— o=

«)

L2t G(p) - be 4he prims fi

R

func=ior, deterained on G(p) with the valuss in G(p). L=t us cons*l-
finite differences |A™®(0), at scme values or m. Since

P o.:@é%*m

(r ) E{ 1, uph r=0, p ™o P\

Kay: (1). with
that
AP . (0)=%(0)—%(|pl,)=0.

By this is explainzd the paricdicity of %4ha tables of finize

differences. Further, sincs

(P—3)= (P—ap—s=1). . (p—s—r+1)
r r! *

with s)?

('_P:s\ -=-(—1)'(3"L:—1 Ymod p)

Page 54,

Henc3, in particular

i g e o EVT
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-1
|AP=1H(0)), = Ewe)l :
k=0 p

p—2
|AP—25(0)],= |— 2 (& + 1Y(R),.
k=0

By censtruction of the self-ccrractingy ceds ¢ thase diffarcarcez

are supzrimposed th2 limitaticns

1AP-2:(0)),=0, |AP10)|,=0.

These limitations lead to the fcllcwing formulas of +hs

calculaticen/enumeraticn ¢f surplus symbols of thz code:

»—8
2o-2=le(p~—2)), = D (k + 1)5(k)),.
. k=0
»—3
2p1=|—9(p— 1) ~Ap—2),=| D, #k¥,,
k=0
which are simultanecusly checkcut relationshifs/ratios ani frea <4hizh
it follovs that the cod2 indicated corracts any 2rrer £for arhitracy
symbol., Actually/really, let the error occur in ths informa%icnal
symbol with number k=i (0gig{p-3), then for =<he disterted cod= we will

have

- =3 -~
2p—2=| 3 (k4 1)p(k)+(t + 1)elt),,
k0

~ L ~
2yt | S AN+ 0N
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vhere (1) = |Wi)—yii,

We form the differencss

Cm1=lapy —2pl,= |-y,

“pmr=l2; 1= 2paf, =i 4 IX—V),.

Page 55,

P

From relationships/ratios (1) and (2) it follows tha¢t fcr

{

arbitrary error V,s(0 cccur relationships/ratios {, 0, {,_33%0,

moreover -1 is the value of ccerrection, and the number of tha2

+ ea £ A _an il A

distorted position is determined frcm (2) according to the formula

1=llo3t; ~ ol —1l,.

NP

If distortion occurs on cne c¢f surplus pesitions, then om

element /cell of pair (Sp-o %p-1) is different from zero and precisely

on that position on which occurred the distortion, moreover this

eleaent/cell is the value ¢f correcticn.

Thus, in all cases jsolated error unambiguously is discovarad

and is corrected.

Exaaple, Lat p=11. Let be¢ given code (3, 7, 9, 4, 5, 1, 3, 3,

2). Let us form surplus symbols:
ay=|3+27+39+44+55+6:1+7-8+8-3+9:2|,,=2,
Qo= |3+7+9+4+5+1+8+3+2|;=9,




T+
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Let the distortion ke is perwmitted on the position with numbszr
_ 1=2: the symbol of 9 distcrted tec 5. W2 form surplus symbels of the
~ code
S Go=|3+27+35+44+5.5+6-1+7-8+83+9.2|, =1,
s Qo= [3+T+5+4+5+1+8+3+2], =5.
K Hence
',. ;O-lﬂ'—;oluﬂ-lz—'1|n=1.
o
? Cio== |tie—aio|11=|9—5|11=4.
% Consequently,
5 j= {4t 11 ={|3—1|n=2,
1
. i.e. symbol with nuaber i=2 must be corrected by additior to value 4.
{ Lat us consider more general/more common/more tctal approach to
the construction of the ccdes, which discovar and which cerrect
| errors, that is based on the noppcsitional amultiplicative composition
4
of vectors and using representaticns of polyncmials in the form of
Lagrange®s intarpolaticn formulas., In connection uiih this the
self-correcting codes are nased (rn, k) Lagranoce's ~codes. Are tracszé
also the design features cf the synthesis of lagyrange®s
self-correcting codes.
Page 56.
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(N, k) Lagrange's -codes.

In the theory of ceding the linear coede, which corrects errors,
is interpreted as linear subsrace E, (dimension m) linear spac2 g,
{(n<n) above final field F,. Ccde vector Z=4m.ab..”a,) is called
correct, if geE, Are examined thcse combinations of errors 5 vector
- arror), which derive/corclude the distort2d vaeactor froe E, 1i.ce.
E}&zz;,rhe procedure of detection and correction of errors or, which
is the same thing, the alcorithms ¢£f coding ard decoding, depend on
the method of introducticn of multiplicative compositicn‘z*g above
the vectors of space Ea. The assignment to the multiplicative
operation %, associative and distritutive relative tc additive
operation + about that satisfying the limitation

vaeF,, x, yEE,:axsy = x+vy = :xwy),

converts space E, into the linear algebra (rank n above ig;

Let us consider the follcwing type 6f the coaposition of the
code vactors of the lipear code.
z=(‘1h G2y o0y 1,‘), F’(Bh ﬂz- caey 3-)-

then
;‘ 3:(0.5., agﬂg. esey zusu)- (3)

Ralative to this compositicn in work [ 1] it 3is said: "Be%=2cmincd
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thus multiplication it is used is sufficiently rare". Are krown orly
Reed-Muller's codes [ 1], which 2re based on the composition

indicated.

L2t us introduce the fcllcwing int2rpretation ¢f the vectors of
linear space Ea. 7hen @y, ws ..., w3~ n cf diffsrent elements/c21lls cf

field F,(n<<q), of those requlated scmehow.

Under vects>r a=(ai, @2 ...,2,) is undarstocod polynomial a(x), which
at points @, @y ..., e, takes values g, av, ..., @, CeSpectively. Th:n
under composition a*b of vectors a=(ai, Q3 +..,a,) and b=(By, Bz ....Ba) is
understood the polynomial, which accepts at pcints @w®...,% 5=

value @B, @sfa ..., 2afa.

The mathematical apparatus of the synthesis of the
self-correcting codes, which is based on coampcsition (3), is “ijht
connection with apparatus of the theory of interpclaticn in *he finzl
fields. In connection with this let us note scme most important

properties of this apparatus.
Page 57.

Lat Folz} - ba ring cf the pclynomials atove field Fe In vicu

of the algorithm of the Euclidean division of polynomials fer arny

bttt
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pair of polynomials f(x), p(x) €Fyld. (st. p(x)#0) thers is an orly

e

pair of pclynomials g{x), r(x) é'F.'[x'l. of¢ such, that
F(x)=q(x)p(x)+r(x), 4)
A \# cr. r(x)<cr. p(x). (5)
\i Let us designate through <.y, many all polynomials of desgree l2ss
x than degrea p(x), and
E r(x)=<f (=)o 6)
p 1] 1@=<I@py
E
g !
;' § It is not difficult to check the validity of tha following asser=zicr.
B
; Theorea 1, Expansion (4) under condition (5) determinas
: representation <Ax)|ys Of ring F,[z]. Onto ring <-[ps. i.e.
{ < f(x) =y Flx]>< +|pe) 1
', This representation possesses the propertizss:
|
‘.'l 1
1. LN+ < A hmadaenr= < F(Zarr+ < fxNpn ‘
2. KF(E)per < Qe Npamloenr=< F(x)- 2x)lnar
3. K@) pxwlwn=< f(x)ptar ?
] 4, [%]=0. ecnn <f(x)hpm)y=f(x) i
- 5. L (Dparer=a(2)< f(2hwer:
; . f’) - <,(8)|‘g ;)]
6. <[T(('8_)'] () <[_—;(T)_L =)

Using a Buclidean algorithm cf division, it is easy to show

< Fa T e PN

el
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that, if &, @ ...,2, -different rocts of polynorial Ax)eF,[x], ¢ he
f(x) is divided into (x-a,;) (X~az) e¢.. (x—ayp. In particular, hence i*

follows that polynomial f(x)eF, (=] of degree n has larger n cf roots.

Let O(x)=x'—x. This polynomial possesses the important

property: it is squal tc zerc at any values =xe€F,.
Page 58,

By zero pclynomial, as is known, is called the polyncmial whose all
coefficients ars equal tc zero. The ring of pclynomials F,[x] abova
the final field differs significantly from the ring of polynromials on
in teras of the field of characteristic by 0 fact that in de] ace
nonzero polynomials, whichk take value, equal to zero, at all points
of field. It is obvious that all these polynomials are multiple 9 (x).
Therefore in ring FGLﬂ=:bi;:; similar to the case ¢f the field of
the characteristic of 0 value, they are equal to zero, at all valu=s

'zeF: accepts only zero pclynomial. Hence follows assertion.

Theorem 2. With ngg-1 there is a single polynomial f (x}eF,[x]
degree En, such, that he accepts with n+1 the different values th~
variable/alternating x: wo, @1, ..., 0,€ Fg, the presat values f( wg),
£( wy)y ese, fl®))! This pclynomial is datermined by Lagrange'’s

interpolation formulia

f(x)=3, f(0 LM z),
A=l
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vhere

(2‘%)(3—“’1)’"(3"‘”._1)(8—‘”“.1)' s+ (z—uy)

(wy—w)(wg—wy)-+ '(“’h“"‘;—;)("’h—“h-ﬂ)' oo (wp—tng)*

Lz) =

Principle of tha intrcduction to redundancy. Evaluation of Hemming's

minimum weight.
L2t us introduce auxiliary syrkolisam.

I,-- many all elements/cells cf field F,,  regulated it by the
form: we<m< ... <@O¢-i. All subsets of set J; are regulated in

accordance with order'l,.
I, - subset from the n elements of set I,
I, - subset from k elements cf set I,

¢y~ complement of a set I,. to I”\

P, (2) P (x)

= -— = In { =t
Pl.(x) -.rfel(.x (D.), }’{.‘x) T—wg ' L(’;‘x) ﬂ[’.’(ﬂr)' “l’e Il'

In accordance with intergretation 2xamined above of vectecrs
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(@, a...,2,) gpace E, is equivalent to the ring

<lp (o =lal2) a(x) =, 2, LiYz).

0l

Page 59,

The circular operaticns abcve the vectors are deterpined by th:
_ rules:
: G+ b=(0, 1By, ta by ..., o +B)e—a(x)+bx) =
¥ =3 @I,
1 w,8l, *
: ¢ BN by, 2o . @B > <ale()p, ()=
: =2 &8, L{(=)
-rel, »
L2t us introduce two types of the conversion of code werds.
1. Interpolatior frcm assembliss J to assemblies ¢J. The 2ntity
) | of conversion is reduced to the fcllowing. Le* J=( i,, Is, «es, ish
- on code vaector (®u. . ....%) e restored Lagrange's multi-cands

a(z)=<a(x)», =2 a;, LYYx).
-‘.QI

1 Purther in assemblies og8cJ=J,/J . are calculated +he values cf

polynomial @rxk

as(o)= 2 a,LiNe) Vwgeel. !

2. Taking Jraatest integer fror assemblies I, to assaemblies J.
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The entity of conversion is reduced to the following. In assempbliass J

are calculated the values of the peclynomial

[<‘(‘)|’,u(’)]
Pcl(s) *

Is realized this conversicn by means of th2 interpolation ir

accordance with formula (7).

Datermination, I, - many informational assemblies with cI, -
many surplus assemblies., a;, az, «so, 2 =~ information symbecls of
code vactor. Surplus symbols %+, ..., 2, 1lat us determine by
interpolation from assemblies I, to the assesblies with ¢l

according to Lagrange's fcrmula

Rp4e = z 'hL‘l‘.)(""h-n) 1<s<n—k.
=8ty

Page 60.

As result we obtain (n, k)~-ccde which we will call Lagrang#'s

code,
From the daterminaticn escape/<nsues the following.

1. Code vactor <a(x)| s ~(ai, a3 ..., a belongs to code space
1, u)

Ey~<‘|r;, when and only when <a@)|s, =6(x), cr, which is the sanme

thing,




%
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o
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<°(’)'Px. —o
Px.(‘) :
2. Process of coding does not distcrt informational symbols and is

reduced to interpolation frca irfcrmational assenbliaes to surrlus

ones,

3. Any set from k symbols (n, k)of Lagrapge's -cocdes (in view cf

theoren 2) can be acceptad as set cf informational symbols.

Theoram 3. p(x) and g(x) - mutually simple polynomials. With ary

p(x)€ <:lg=). the squation

[0 | ey ®

has unique solution in class <'lms» if st. g(x) 2 st. p( x).

Equation (8) is equivalent tc the agquality

Ux)g(x)— < Ux)g(xhpmr=x)p(x).

Hence

LUK p =N etmy=< —Hx)P(Netsr ®)

From the condition st. g(x)) st. p(x) it follows that

<*| ptmy Q< clan ., therefere < Ux)e(x)lps letzy == < Ux) &(x) jxx) and equality

(9) accepts the fora

<UD pxy= < —E(2)D(x ) gz
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Hence
Uz)= < g x)< —F(x)P 2 esrlpsr

Theorem 4. Por the detecticn of a d- multiple error by
Lagrange's code it is necessary apd it is sufficient ‘c ¢cf exceass

syabols.

sufficiency. Let 2, (<d)- many all subsets of set :l.. consistin

be not more than of d elements/cells. With any JeQ:, (<d) tc the

vector of the error for amultiplicity  d is ccmpared the pclynomial
Va(x)=Pey(x)-34 (x),

wvhere

A, (x)= X 5, Pixz).
e/

Respectively, distorted vectcr a(x)=a(x)+V4(*) it will hava ir
the symbols with numbers i (@ @J) cf the distertion
3{P{Xe)))
Transfer of greatast integer from infermation assemblies Iei %o

sutplu's asseablies with cl,. leads to the expression

omc] S|
X )= —————— = oy .
P e, . P, (=) Py,

But
a(x)— <a(x) ,‘.—a(x)+v4(x)—'< a(x)\,l.-—< V2, K

Since

s e e ———— e - ' o

—da .

b 0 .-

e ke

— it
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<a(x)r, =a(x),

that
Poy(x)4, (x)

Kx)-[ Pl. (x) ]v Kz) € < M lPd. .

So that the latter/last equation woull have unijue solution wi<h
any B(x)€<-lp, . according to trecrem 3, it is sufficizrt sc thet
would be satisfied the ccnditior st, Pu(x)ecr.P,(x). But st. Ps(x)<d.
Therefore for the detecticn of any error for multiplicity not higher

o

than ¢ of sufficiancy so that wculd be satisfied the conditior =<,

PE‘.(’)‘d°

Need. Let us show that the minimum weight of Heaming of

Lagrange's ccde with 4 bty surglus symbols is equal %o de1,
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Page 62.

Lat code vector g(x)~—(a, an...,2,) belong to code spacs, i.:2.,

<a(x) I,,. =a(x) then sf.. a (x)gn~-d-1, since st., P (x)=n—d. Hence it

follovs that a aaximum number of rocts of polynomial a(x) is equal
n-d-1, i,e., any code vec*or a(x) has the less than d+1 ncazere

sysbols,

Corollary t. As is knovn { for 2], the code, which has length n,
the ainimum distance d+! and a saxisally possible number of
informational symsbols n-d, it is called maximum. Thus, Lagrang2's
codes vith any n§y-1 and any sethcd of the ad justmernt of assemblics

are maximunm.

Corollary 2. Por detection and correction of d-multiple srror

(n, k)by Lagraaje’s -code ngg-1 it suffices tc have 24 surplus cres

e it et

of syabol.

- -

Comparison of Lagrange's codes vith Reel- Solomon's codss.
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Lat us consider the translation aljorithm 5f the polyncnmial,

represented in the form of Lagrange

o
Flz)= D Fle)L{(z) (10)
4 .‘Ql e i .

into the polynomial, arranged/lccated according to cthe degr=as

Y -t

Fo=Zfmet © .

>

3 R
"v . ¢

L“’(z)—-— --—o( ) o w

™)== -2 s, (13)

Poraula (13) makes it possible to present Lagrange's fundamental

polynomsials (12) in the form of pclynomial according to degrees of x.

Substituting expcrential

furit cf field).

Let us assume wy=0, w,;=1

in (10) and teing congruent/equating %hat

represantation L‘,“’(z)

obtainad with (11), ve have

1(Q)==F(wy),
1

FChy = — ?: Plejsi*, 1<k<e—S,
. -t -

1(@—1)=— 3 Fa).
J=s




-
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In particular, examining many assemblies n with the excluded

zero element/call, we obtain, that the polynomial

F(x)= 3 P)L® (x) 14)

-icl'. [}

is converted into the polynomial

=3
F(x)= 3 f(k)z* (15)
A=l

according to the formulas

o
f(x)=— ;{F("’)"-.' 0< k<q—2. (16)

Foraulas (15) and (16), strictly, and determine codirg by Reei-

Solomon's codas.

foo Ty o oos [amt ~ informational symbols. #2 form the pclynomial

F(x)=fo+ 12+ 3x+. .. + 42!

and let us form the values of pclynomial F(x) in assemblies

®E€l'e: Plwr) M), . .. o Ho ), vhich determine code vector. The process

—mcom

of decoding is reduced to the calculation of suas (16) with Ogkga-2,

in this case as chackout relaticnships/ratios tney servs

«i

D Fla e, 4+9=0, 0<s<q—h—2.

J=1

Thus, Reed-Solomon's codes use for tha process of coding and
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decoding of formula (15) ard (16), that escape/2nsuc from Lagrange's
formula (14),., Diffar Reead-Solomen's codas from Lagrange's codes ir
terss of the processes of coding and decoding: in the case of
Lagranje's codes informational sysbols .ﬁmfh...{{:? remain
invariant in th? recording ¢f ccde vector, whersas in the casa of

Reed-Solomon's codes they are ccnverted into tha values of pclynomiel

P(x) at points e, w....%,
Page 6u4.
This fact can sacva as basis for the decrease of the capacity of

conversions in the processes of ccding and decoding in the casa of

Lagrange®s codes in the ccaparison with Reed-Solomon's codes.

A vital difference in Lagrange's cydes from tha cyclic cod-s
escape/ensues fros a difference ip the types of the aultiplicativs
composition of the vectors on which, strictly, rest the methods of
coding and decoding., It lies in the fact that Lagrange's codes can be g

considered as the codes, in a sense dqual by cyclic.

REFERENCES
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Page 65.

ONE METHOD OF DETECTION AND CORRECTION OF THE ERRORS IN A SYSTEM OF

RESIDUAL CLASSES.

V. M. Amerbayev, Yu. L. Zakharov.

During the construction of the contemporary computars, which
vork on real time with the high degree of reliability, the
uses/application of the corrective codes for the correction of <he
errors in transaittings and infecrsation processing becomes urgent
practical task., If the corrective ccdes sufficisntly extensivaely ars
used for the protection from the disturbances with the transmissiosn
of information, its reading frcm differant carriers, then the use ¢f
the corrective arithmetic codes is limited. This is explained by <h>
fact that very process of decoding (detection of error) takes avay
the time, commensurated with the time cf tha fulfillment cof
arithmetic operation, if we for the correction of errors apply the
divisible and indivisible arithmetic AN~colas or (n, k)-ccdes. The
decoding equipmant for these codes is obtained sufficiantly simpla,
if ve use them for the prctecticn from the short duration failuress in
the devices/egquipmant of consecutive information processing. However,

in the devices/aquipment of parallel information procassing their
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use/application leads to a sharfp increase in the equipment for
decoding and a decrease of the Frigh spead of arithmetic unit. The
protection of very diagrass of decoding requires ir this cass of
special measures (at least redundancy)so that the failures of
elements/cells would not upset the cperation c¢£ cemputer. Tharafors
the given codes are used in the digital computars (TsVM) only for %t:
detection of ercors. Is known one additional class of the corractivs

arithmetic codes - codes in the system of residual classes (SOK) [3).

The introduction of two centrol bases/bases for the c¢odz2s in tha
remainders/resiiues during the specific limitations makes i* possibls
¢to discover and to correct all isclated errors from thsz working or

control basis of systen.
Page 66,

However, the method ¢f determiring the inaccurate deducticn by
omission of cne of the basis of systea and the restoration/reductisn
of number value in that athreviated/reduced SOK requires, in ¢the
first place, the long ccmputing time, in the second place, cf a
considerable gquantity of constarts with the divarse variants of th:
excluded bases/bases. For the high speel arithmetic units this method

is not sufficiently to efficient cnes.
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Are at the prasent time kncwp works [5, 6], dedicated %0 thr=
analysis of the properties of the self correction of the code in *h-
renmainders/residues. Pros the wcrks about the
concrete/specific/actual realization of thas properties of the self
correction of the codes in the reméinders/residues let us no%t2 work
[4], where is examined the four-mcdular version of numeration syst=a
in the remainders/residues and is shown the high efficiency of the

properties of the self correcticn of ths codes indicated.

The proceduare of decoding it is expedient to combine with the

operation of rounding. This will make it possible, in the first

®

place, to avoid tha danger of the multiplication of tha error in %h

(9]

process of rounding, in the seccnd rplace, to avoid the 2ffect >f +h
processes of deccding and check on the productivity AU, thirdly, t¢o
implement the process ¢f decoding on the equipmsnt for rcunding. This
joining of the procedure c¢f deccding to tha process of rounding
requires the account of effact cn VA of tha self correction of all
modifications, introduced into the device/equipment of rcunding €or
the purpose of the decrease of equipment and increase ir the high

speed.

We study the properties of the self correction of the code ir

the remainders/residues, being based cn th2 procedure cf roundirg,

examinad in work [8]. Let us ncte that in this article is used the
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notation, accepted in [8].

Let tha opsrating range, determined by the system of bases/bases
- P, bs connected with the further range, determined by basis/base Q,

f;\~ with relationship/ratio P=Q-h.

X f Let, further, K,;, K, - ccntrcl bas2s/bases, utilized fcor tha
s detection of arror, determiraticns of its position and value, Lot us
designate through P*f value P*'Y-2tF, where basis/base ¢ is Adictar<d

by the procedure of rounding, and basis/base 2 is used for the sign

e Do

represantation of numbers {7]. Let us designats thrcugh PY the first

basis of system P, and through p; - value p,=2tpf',.

Let the error occur on one of the basis of system P''=2tP. Th=
true value of number A can be presented in the form
. i 'A";'“.‘."c"" 5‘? .

Let us look, what effect proves to be the imposition of 2rror orn

the i basis/base range P'°*.
Page 67.

3 It is here necessary to distinguish two cases: i=1 and i#1, siace fr

the first case of p, - even numter (p,=2tp*',). The imposition of

error indicates addition and to initial A of a number of form ‘

o BT B A aR g
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AP/'QK K2, whare A; - value of errer on i basis/base A<A, <ps—1)

B, pr=2.t.p,

P1=H

In this case the distorted number will taka the following fcrm:
K A2 ox,x, +84P:" QK Kol g £, =IC*+4:P" QK Ko+

- +_D+'P'r“|‘|‘ ( )

Here and throughout

p=X, p=2L. B
¥ P Pl ’ P‘ p‘ » ” .
s Taking into account the relaticaship/ratio between racges
a (P+h=Q) , the value of errcr it is possible to raduce to the form
¢ _AP/QK,K,=AP, K Ksh+A P K\ KoP=|tA K, K;hly - P+

+(l'£‘_x;_.£u*]+A,P,”K,K,)-P (n‘;)?l.tgél)

and
APQK,Ky = APK,K;h+ A,§K1KJ=IA,K,K,M, P+

+([M]+A1PK1K1)P (npn i=1),

Key: (1). with.

Then exprassion (1) with i=1 will take the fcllewing fcra:
nA-lP'a‘.-l_AlPQxlxl}r" ‘._—"c* + ’Alxlxgh!" P’, —

L __+ [‘-4———'5] +¢t+A‘PK1K,+ Dhar,x,* Plrar,x,s

and with i=1

“4"["0:. +AlP t"dk;xd;“‘&=||C"-¥;{iA(K,K.h|,‘° Pz—
8K A
- ‘;"'*" = __ ]+.l+AiPl' '?xls+DL,.,. Phrex.s,
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vhere
[c++,'¢A,xlx,h{,‘P;
H=|———

P ]; 31=0'1.

Page 68.

Thus, the distortion of the rcundei-off value ?)-during t ha

. expansion of th2 number, which has isolated error on one cf the

, bases/bases from number_: P, vhich fcllows:

: L . .

D= Dtut [HEER| ALK RSy, @ l
: here and throughout Z- distcrted value D.

The same error itself introduces distortion into the formation
of rounded off value NT. Fepresenting number A~ ir {ts digistegratior
in terss of range Q: A=a""+-§"‘-Q, we will obtain that the distorta24d

. value of value N* will ke equally
. £+=IF’+AIP;"K1K3|,’,‘I,_- ) . )
The parameter 6%, depending on values D+ and NT, will obtain in tkis
case the following distcrtion:
A et by SRR |
Let us designate value T)"",' vhich 'is n. n. V. on mod tQK, X2, by L
;

symbol D+;, and corrected value ]N_'f.-ko*l,*"lr_ - by symbel D+, and we
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foran their diffarence in control tases/bases (£) . Let us show in this

case that [§],*=0. Actually/teally.

m.n—;m —D:.I, —uo+-,+ M]Mmfmﬂ: ,

l-yr\.-.;" , ‘ 4‘.

"lN+A‘Pl”K1K:+a+M:_|8++ _l_{mrlx!b]_”l

' ~ \‘ bllt
. Ty .;Qi__{:a!x;lr,b] ==_8_" '
) consequently, o
: ur‘Q 284 &‘Vsb
: Page 69.

P

Lat us determine the form of a differance in the distortai
rounded-off values in the case ¢f isolated error in basis/base pu

after substituting into the fuowmula for a diffarence in value (2),

(3, (W)
. i= lp:f’ D:..l:x.x.'l' ll5+31+ [___‘_tALK;'K,h] +A;P‘”K1Kz|:;.x, _
. —INPHAPIRK:  — 8 r 2, =, +[———‘-M";,‘l‘ j] +
+‘l ._-_8* ";|‘t'

If from th2 latter/last expression to isolate [8°],, the final

value of a differance in the rounded-off values will take the form

T
vhere C |

|05
. )it
P"’ ] n - .
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Parameter fup characterizes by itself the spread of differernce,
connected with rounding and iwmpcsition of error on the true value of
”‘\g a number. Let us consider the bcrders of its change. Since
R 01, 5=0,1,
0= |[hEE)| p g,
: . Ao Ae L

that pomp can take value cf 0. 1.

e W i _IQ,

Lat number A be is distorted on on2 of the bases/bases ¢ frcnm

oy

the system of bases/bases Q. let us carry out the analogcus analysis
of the scatter of a difference in the rounded off values. Durinj the
sxpansion with Q on P?*? K,K, correct number will be distcrted as

{ follows:
- A lexxri:(N "‘F’h)qf-n.x.; Ve
e, [T Ii;‘—‘;‘+‘_’?_'1‘¢~ .
. g = g I .

o s
YL I S AR

-

Page 70.

Taking into account that P=Q¢-h, the value of error let us
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present in the form

A,p"Q.lez=—tAJKIK,h+tA,K1K=Q,Q=(q,—

’.¢
tA K, "]-{-tA,Q,KlK,_)-Q.

Then formula (6) will take the following form:
'_é—,;vqxlx|=l l lA—lz qu_ltijlxzhw)'leQ -

— BVt o1 [AEE s F K0 Qe
Here

[ a3 +-§-lq +(gj—Jtd IEE )0 J
Q= 5

the 2llowed transition through modulus/module Q during the imposition

of error on basis/base g,

5=0,1.

1f one comnsiders that during the expansicn with Q on P*'KK, is

used the inaccurate value of rank A,, and also shift/shear for the
constant for th2 formaticn of the correction of rounding 6¥in tha
class N.N.V., on mod t, value N'! will take the fora
E“’ |N+4+0— [:A;x.x.b].{.mlnx.e,l".,,
Here O=n—n*+e—1 - indeterminate value, which takes the values
_auk % T et
and "',"" - difference Ltetween the exact and inaccurate values of

the rank of correct and distorted numbers.

Por determining the scatter of differsnce let us finé :f): aad 5°*

with the error from g,
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1412 arr, 8 RP EiK g e, =10+

+ (D+t8, QK. KD Plrax.x, .
N Page 71.
s
Consequently,
Dlvv‘_" 15+t A,'Q)Kxlet“.l.
and
) ~ — A
- = DNl =pr— 04 [T e
K —
=\'< nn |£ Ti lt?‘.l..
E Lat us coasider difference in the rounded-off values and scat«er
bl
’ of this difference (in this case also [E|;} =0):
25K, KA
5—|D" —~ Dy, = I3*)er.x,— 0 + [#‘L ]—”""‘-
or
i
A
=t (52 o).
, whersa
h # [ ‘f_o_'_ I [M;K,K.b + ]
[ §} ¢
Pxes=— : R

The borders of change Paes taking into account (7) will be
_1<Pln'<2-
Finally, if modular error cccurs on cne c¢f the control

bases/bases (for example, on K;), then

"A—l;'“ ‘,+AK.P"QK3';-“ "=|C +
+(B+85,QKD- Pl op s,

] . & R . e o 7 7
O . L d a " L i " i ; " s h i ) :
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This means that the distorted valua of the roundad-off valun E?

will be

D*=D?,= |D+t8r,QK ar.x..
and | |

z+,rﬁ* 4 tAg,PElirx.z, .
page 72.

In this case a difference in the rounding will not obtain
distortion, since
3= |5+ — K+ |* = [D—t8x,QEy— N+— tAr,PH; (=
‘;—-IB*.—;F-*I‘:"!——'-B‘" ‘
since control bases/bases do not accept participatior in the

formation 6§ .

Then
D:.,=IE’ +3%)erx.x,
and ’
- ='D:p:_ D:.Il"lxl =Il5* - .N_‘.I‘I.K.‘j}-tA‘l QKI'_
—t Al.Px_a_a"tl.l’.. ()]

After substituting in (8) 15t_5ﬁi‘-6+ and takiny into accourt

Q=P+h, we will obtain

E==tA;,K,h. .

W

S e e v sy



o e

~

W e

Ca N,

DOC = 81024104 pace 134

Analogously with the error on tasis/base K,

=t A“thn

Thus, is obtained the saet cf the diffesrences which cccur with

the errors on any of the

tasis c¢f system P*', Q, K;, K. Their set

consists of numbers of form &-1, &, E+1, E+2 and is the

signs/criteria of the presence cf error on one of the basis of *h

systenm, accepted for the
bases/bases are selected
set of differences, then
control bases/basas make

check the nuaber, preset

procedure of decoding and checking of a nuaber does not require tha
further expenditurss of time, wvhile in the case of the detection of 1

the error are uniquely determined bcth its value and locaticn.

L2t us note that the analytical forms of differences € can be

used for the selection of the ccntrcl bases/bases K, K, which

satisfy the requirements

errors, obtained by the process of deceding, combined with th=

process of the nonparallel algorithe cf rounding.

Page 73.

U]

representation of numbers. If control

so that each isolated error answers only its
isolated errors are divided. In this case

it possitle in the process cf rounding tc

bty its resainders/residues, i.e., the

cf the separability of the signs/criteria sf
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Page 74.

DEPARALLELIZATION OFP THE OPERATION OF ROUNDING IN A SYSTEM OF

RESIDUAL CLASSES.

Ve M. Amerbayev, V. S. Kckorin.

Use of a system of residual classes (SOK) for the coding of
numerical information gives the pcssibility tc =2fficien%ly
unparallelize such operations as addition, subtraction and
sultiplication, which in connecticn with this are called acdula:, T::
operations of the nonpositional arithmetic whese execution on2 way cr<
another is connected vith the pcsitional representation of *ha
numbers, which consist of several procedures cf tha typ2 cf moiulac
operations, are called nonmodule. The lattar include such oparaziorns, ]
as the deternination of the sign ¢f a number, *na cverflow cf th:
range of representation, the rounding of a number, the translation c¥
number of SOK into the positicnal system of numaraticm, etc. Tha higjh
speed of nonpositional arithmetic unit to a ccansidarable dagree is
deternined by the length cf the execution of the procedure of ¢:-»

rounding of a number, preset in SCK. Th2 known algorithas of =zh:

@xacution of the operation c¢f the rcunding of a number, represantci

of quadratic range [1, 2], consist of tvo or several proceduras of
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the expansion of the vorking and surplus ranges, r=2aliz2d especially

consgscutively/serially.

In connection wvwith this is placed the task of tracing tha
possihili£y of the deparallelizaticn of the ofparation of the rsundirg
of a number in SOK. In this case, in tha first place, the artificial
form of representation relative to numbers must not affect the
operation time of the rounding c¢f number [1, 4], and, in the sacord
plac2, it is nacessary to consider the possibility of using the
inaccurate value of rank, which leads to the considerable reduction
of the equipsent expenditures in the implementation of the procadura

of rounding.

Lat us clarify the sense of the oparation of rounding.
Page 75,

In the articls is examined a question of the rounding of th3
result of the multiplication of the fractions of fcram A/P, wher2 A -
positive integer number, it represented in SOK belongs to range

o L]
P-ELM:P- - the basis/Lase cf range P and i=1, n.

With the multiplication cf fractions A,/P and A,/P dces api2ac

fraction A/P2, vhere A=A, e),,
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The sense of the operation of rouniing consists in converting of
fraction A/P2 ¢to5 the fcrm 1/P { A/F], whore [A/P] - the near whole,

not not exceeding is numbter A/P.

It is necessary to ncte that fcr the purpose of the
retention/preservation/maintaining the possibiliiy to implement th-=
operation of multiplicaticn modularly it is necessary to have a
redundancy in the representation c¢f nus3arical information. Let

surplus range er-lq,, (C, P)=1 and ¢=P+¢h,
'l

Por determining value [A/P] let us prasent number A ip th2

following fora: i

A=C-+D-P, (1
vwhere

0<C<P and 0<SA<SP<P-Q

then
(41520
since D<P, then
D=IDle = [435 .. &

Por calculation |D|p let us present A in the fornm

A=M+NQ, 3
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vhere
0<M<Q.

Proa expressions (1) and {3) we have

M—C+N-h,
—r “

Since 0gM<Q, 0gT<P and OKN<P, the correctly fcllowing expression:

¥3=D—N=

[ PIPIN ®)

Page 76,

Sinca 0gD<P, than from exrressicns (3) and (4) we have

D=(Dls =N+, =452 +4] . ®

Fo>r the deterainaticn § let us introduce further basis/base

p' >_kv thgn sb“lbl".

Correctly following expressicn:

3 =Py, l I%Q!L,_ %".+ I%L-Lc’ M

By the specific selection cf bases/basaes it is possiblz to

select such ranjges P and Q so that the value h would be
insignificant, in this case fcrmaticn § (correction of rounding)

accordance with sxpressicn (7) cap te realized ia parallel with

calculation |N|, and {Dlq. At the termination of determinaticn [N,

and !Di, is carried out ccrrecticn of the round2d-off result on “t2

T ———— - o~
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bases/bases of range P.

let us pass to the examination of the described algorithm of thsz
rounding of numbers taking irto acccunt tha sign form of the

representation 5f relative numbers in SOK, given in work [4].

L2t A~ - the integer of artitrary sign, |47|s* - least
non-nagative residue (R.n.v.) c¢f number A™ cn mod P, and the systen

of the bases/bases of nonpositicnal arithmetic is characterized by

value 4#6};- Por the form of sigpr in question the result of the

rounding of number A™ is value ID-[:,“'

- i
i

From work “4) it is known that the restoration/reducticn of
relative number B= according to its reprasantation in sok |B™§ is

realiz2d in accordance with the exrression

B-=|B-{}+2PIG—2P. ®
Using (8), let us present nusber A in the following form:
SV -
opep g w
Since o '
AffﬂAruh”'QnmiiPQpJ
and
4" G ey, = 14 \tep + 11, — 5+ DR (1O)
oo, rerlr T3 T 2 . A ‘
that

D—-P=D+.P (mod 4PQp,) )

ey

Y S PIIV Py PR “ il
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or

D~=D* (mod 4PQp,).

Page 77.

With
—-2{”:;41"<:2I” (11)

is correct the inequality

- —2P<D-<2P,
: i.e. ‘
“ D*=!D“l:’,”‘=ID"!:°"=ID—u""- (12

Consequently, value HT';”‘ is tha unknown value cf the rasult
of rounding, represented cver range '4Qé} Por the formation of tha
deductions of the rounded-off result on the bas2s/bases cf range P

let us present nuaber AT in the fcrm, analosgous to expressicn (9):

| A=A g, Ja+ N, 13)
' Further, since
lAthey,~lalhe, o +N*Q (4
ve have '
N--Q=N+.Q (mod 4PQp,).
i.e.

N-=N+* (mod 4PQp,).

Taking into account (10), we will ottain

N+=)N-’tn"=|N"|:“'=]N‘|f".. (15)
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It is obvious that D*>N*¥*, then

§=D*—N*+ a0y 6>0. (16)
Key: (1). and.

when p,>maxd is ccrrect the inequality
=lD; —IN-I3 Ip,. (a7 a

From exprassions (6), (15), (16) we have

1D~ =lIN- 437 (18)
Let us determins the maximum value &6 with the rounding cf relativa

numbers.

Page 78,

Prcm expressions (10), (14) and (16) we have

3=D*—N*=|l4713pq, Jg +N* A=l A7 1fqp |7 +
. (19)
P )
+5 , T3
From the latter/last expression it follows that

min§>—1 and maxd<<h+1,
i.e. 0g6ghet,

Thus, fcr the calculaticn & the value of further basis/bascs pg l

must satisfy the following inequality: \

Pe>ht2.
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L2t us consider the pcssibilities 5>f using the inaccurate value
of the rank of a number with the execution of rounding by tha

described method.

- P +
= - + 1= n
Let ranks .w* and 'u numbers C*=|||A7| 4y, 5 3|, and
M=IIA'|2}Q,,i3' be computed inaccurately, i.e., ‘
VC*=AC++:"C+
and

Yar=A 4",

vhere A,+ and Ay - inaccurate ranks cf numbers C¥and M, and 7.

- —.

and Ma - positive integer numbers, which show respectively, how

v+ and vy is more than A,+ and A,

Let 7M.+, =01, then fronm exrressicn (19) €fcllow +that

M+Nt. +—:—- Ctn, Ptiy-Q
7 . (20)

From (20) we have

mind>—2 and max3< h43,

i.e.

—1<3<h+2,

e A e e e e
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Page 79,
Ssince from a technical pcint of view the correction of the

result of rounding it is desiratle to implement either only with th2

help of the addition or only with the help of the subtraction, vwe

; ; convert expression (20):
‘ « L]
S P+M+N*p—Ct—n_ -P+7,-Q
, We will obtain that the value of the correcticn 6* of the result of
-f rounding satisfies the fcllowing inequalities:
¢ ¥>0 apd ¥<h+3.
consequently, further basis/base p, it must answver condition
pg=h+4.
¢
‘ Thus, it is shown that for executing the operaticn of the
o rounding of relative nuslters ip SOK has the capability to use

inaccurate values of ranks.
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Page 80.

SEARCH FOR THE OPTIMNUN LAYOUT OF THE COMPUTER CENTERS IN A REPUBLIC

= NETWORK/GRID OP KAZAKH SSF.
> V. Z. Brodskaya, T. V. Yevstifeyeva, I. G. Pil*shchikova.

d During the creation of republic network/grid VTs first of all it
i is necessary to solve a gquestion abcut the
production/consumption/generaticn of its structure taking into

; account to the staging character of creation and series/row of the

superimposed limitations,

i Each region of republic bhas the central assembly poirt of
information which in the rreliminary stages either is had available

{ the computational powsr (its cwp V¥Ts), or it is attached to VTs of
the nearest of the regions. The ccmplex of the computer centers cf
the first stage possesses connecticns "each tc esach™., A number >f the

computer centers in all stages is presst.

Initially stated problem of the synthesis of the na2twork/yrid of

the computer centers vas solved without taking into account tha

already available resources/lifetimses of computational power and
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lines of communications. In this case it was assumed that the
information flows between all regions were kncwn, the costs/values 5°¢
transaission and information prccessing known and proportional to
flow value, the capacities of tbe lines of coraunications ard power
of the coamputer centers were not lirsited and they complately

correspond to lcad.

Upon this setting the probles sufficiently simply is solved with
the help of heuristic algcritbm [ 1], that alsc was done, The
realization of this algorithm gave the aven distribution of tha
conpuﬁer centers according to the territory of republic with the
small deviations to the side cf the regions, which possess

poverful/thick informational flcws,

Then to tha system were superimposed the limitations, which
consider technical and sore econosic factors. The power of the
computer centers were limited to the specific quantity of computers
vhich it was proposed to establish/install on each of the regional

centers.,
Page 81,

Are introduced the account of the alreaiy existing lines cof

comsunications and the priority of the srganization of some centers,
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vhich is caused by the already existing computaticnal power in thes:

points/itenms.

The superimposed limitations led to the ne=2d for introducing
veight coefficisnts for all regicrs and matching system of penaltizas,
If the volume of information due tc the maintenance/servicing of
adjacent regions exceeds the preset powsr VTs, each excess artitrary
unit of processed information is fined. ¥ith a small number of the
computer centers in the network/grid (first stage) the further
voluses of information to the lcw-power centers can serve as a rsasch
for considerabls above-plan expenditures. Were introduced penalties,
also, for the cases, vhich require the laying of the new or further

lines of communications.

Mathematical model in this case appears as follows. I* is
assumed that there is N of the assesbly pcints of informatior, inte
each of which enters all informatiocn fros the appropriate region. Let
us designate each such pcint/item x,

z8X; X={x, xy....2n}
then appropriats information P;v can be divided into two categories:
the information vhich must be transsitted for the processing into

veos

other regions - ;?. and the information wvhich can be directly

processed ~ P Thus, 5:=P‘+:}‘;Ff.'

U T Y T

o

[EPSVURIR Y SN
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A number cf points/items m, in which are placed VTs, varia2s frca
one to N, during the first stage and contains N of poincs/items in

the final version of netwcrk/grid (N <N).

Panalty functions were accepted linearly depending orn the volum2
of excess information. This is cewspletely admissible, - . a numbar
of lajid channal#, obviously, is proportional to the volume of the
transmitted information, and a gquantity of auxiliary equipment nn VTs
is proportional to the volume of the further information, processed
by it. It is easy to shov that factor of propcrtionality - constart

value which is determined by the relation

riequtQ

Ay= riy°01)

vhera ¢, - channal capacity, and r, - cost/value of the

transaission of informaticnal unit alorg this channal,
Page 82.

Then the cost/valus of the transmission of entire information in the
direction of connection xx;,— r, g, vhers r - certain intagral
coeffizient, which is determining the capacity of informaticn flow irn
direction =x,x;, Penalty fcr tbhe packing of these channels is defirnad
as Qen., It is‘obvious that with Q=0 A4, =1.

- -

During the limitations indicated the solution of the probl=m of
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the search fcr the optimur locaticn of the presat quantity ¢£ *he
computer centers is reduced to the determination of tha minimum of
functional F(Y, Ya ..., Ya» Xi, X3 ..., Xn), where Y;, Y,...,¥a = thosa
points/items in which cap be placed the computer centers, and
X, X2 ..., Xm - corresponding tc them subsets of the serviced
points/items, which satisfy the relationships/ratics

YeX,aX; XinX,=2 (+jx YCX,

In accordance with that rresented the corrected heuristic
algorithm of the search fcr the laycut of the computer centers
assumes praset set X and Y, the volumes of information which are
exchanged any pairs ¥, frem X, cost/value of the transmission of
informational unit between each pair of assemblies, cost/value cf the
transaission of the entire prcceeding information from 2ach
element /cell x; from the X to cach element Y, from Y, ceost/value of
processing informational unit cr each VI's, the Suncticnzal
dependences, which are determining the cost/value of entire
network/grid taking into account cr without taking into account the
lisitations of any character. Ir the course of solution of task are
determined or can be preset previcusly for each element/cell from Y
its regions of possible replacement, which contain the enumerations
of the adjacent assemblies or asserbtlies which can on one or th»

other reason replace data.

Por the solution of the problems of the synthesis of ttre

i e s e

™
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network/grid of the computer certers was written the program witnan :h:
interchangeable units of the estigate of the cost of ne<work/jrii.
Program is written in the language ALGOL-60 fcr the machine BESY-3M.
Time of program translation from the algorithmic language tc tha
language of loading 12 minutes, Program uses cnly working storage >f
machine. The scope of the program beth the first and second varsion

is approximately 1000 instructicns,

The obtainead results give the possibility to consider the most
convenient versions of the orgarization of network/grid in the
initial stage both in the cost semse and in the relation to the
distribution of information in the system during the preset

lisitations.
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Page 83.

Organization of experiment during the rasearch on the statistical

nodels of axchange systems by infecrmation.

Ye, I. Domanovskaya, Ye., A, Pil*shchikov.

The tasks of the optimization of the systems of processing
information (SOI) form the multidisensional srace, constructed with
many objective functions cn many arguments: Q={g(X)}, where
X=|x),j=1,2,...,k; Q - many tasks, X - many arquments, x;— jn
argument, Qi objective function. Depending cn the target of
optimization th2 objective functions can come forwvard in the role of

lisitations.,

As shown in work [ 1), the disersion of the tasks of optimization
of SOI is usually great and their apalytical solution ip tha
conteaporary stage is impcssible. These and scme cther circunmstances
make it necessary to use methods stcchastic simulation with the

use/application of planning experiments for the reduction of thsz

silescistiodftoniniluoiliishite. -

o
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expenditures of tiar and resources for designinj and research,

In this work is launched the attempt to consider the task of
optimization of S01 as the task of the search for the Jlobal extreaun
of objective function in the space cf large dimsnsion. 7oI shortarirs;
of capacity and tiame of simulation by the ainimsization cf a rumber cf
accesses to model for calculating the objective functionm is yrooosed
the algoritham, which varies the principle of search dependirg on
situation and tha combining gloktal search of large step/pitch ard
: adaptation without the issediate reaction with the local search cf

-, the slipping interval.

During the optimization of SCI of the preset structure on the
critarion of the minimus cf the time of the sequence of

comsunications/reports on the netwcrk/qgrid we have

- W T

f ‘ ) qr=F(Xy, Ar, D),
v vhere 4r - objective function: Xr=(x, %5 ..., %) - vector of the

controlled paramstars; Ar=(a, o ..., %) - vector of the uncontrolle?
paraneters (vector of the envircmment of object); Dr=@d. ds ..., d,) -

vector of the parameters, unattajiralble to measurement.

T PO ST o T T

Page 84.

R e O

In our concrete/specific/actuval version f

| Xr=(x), 23 ..., 27), }




R
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vhere x, - capacity 2U; x, - law cf time allocaticn cf d=zlay ian ¢h:
channel; x; - quantity of access ducts: x, - discipline of serviciag
at the input of asseably; xg - discipline in the
maintenanca/servicirg at the cutput,/yield of assembly; x, - principle
of the transamissioa of cowsmunicaticns/raports; x, - algerithm ¢f <he
selecticn of path.

Ar=(a, ..., G
vhere a, - law of the distributicn cf the intensity of ocutput flows;
a4, - quantity of categories of urgency; a; - law of the distribution
of the lengths 9f cosmunicaticne/treports for each categories a, -
matrix/die of flows on the network/grid; ag - matrix/di2 of the
predicted lengtns of the lines cf coamunicaticns between any rair of
asseablies; a, - cost/value cf the transmissicn of informational unis

per the unit of the length of channel.
De=10,
Be=(1d,). by {5,

vhere " - time Oof the delivery/procurement of
cossunications/reports tc the r category; b - expenditure for ¢h>
creation of network/grid; b’ - probability of the

delivery/prccurament of reports of “he r categorv.

Limitations they are respectively

b <l jall, raml, B By<Bymasi by <D yrell.
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The objective function

. 1]
Q= Zc’b,’; ¢ =const;
rm=l

¢ - the veight of cemmunicaticns/reports ¢tc the r category.

Vector B is detarmined on stochastic modsl.
Page 85,

Argumsents x,, Xs, X¢ and xj, vwhich do not have direct
quantitative characteristics and called arguments of the II kind,
generate the multi-extremality Lty objective function SOI. Therefore
it is necessary to solve the problem of the search for glcbal
extrenum (G3), what is the mcst cceglicated seacrch procedure of

statistical character.

At large distances cf target (p>7) and number of degrecs of
freedom n)5 the ralation cf losses to the search for the methcds of
the random search ard method of gradient comprises

k=

1
Va'

Therefore for the search G3 is expedient to use the algorithm of tha

random search of adaptaticn and irertmness, callad algorithm with

director cone.

During ths optimizaticn of system p continuously it is reduced,

in connection with which for an ipcrease in tbe high speed ani

—— e -
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reliability it is proposed of the region suspected G3 to chanjya: ¢h:
principle of search and tc use a quasi-regular method with +ha
slipping step/pitch (variety of the method of a variation ir th=z

metric) .

Motion in the direction G3 is realized due to the reconstructic:n
of the probabilistic characteristics of search, but being changed
before to the new directicn, system can make several steps in old
direction and thus to sursount the "ridges/spines" of objective
functions, which gives to method global character. Random
tests/samples (E, Ey ..., E.) are ccnductad in the preferable sector cf
directions with angle ¥V : at apex/vertex X, determined by the presa2t
multivariate distribution (P(E/W), whera W=(w,, ws ..., Wy) -
parameter, which assigns mean direction, called the vecter of
experiment, E - vector cf test step/pitch. the working step g is donz
in the direction of best test/sawple (X+¢E®,), the sens2 of the vector
of experiment W is determined by the "weighing” of :he test

directions

»
P
W= l=1

= .
2 AguE
=1

The sign/criterion of the detection of region G3 and transition to LD

is the motion of point X along the turns relative to certain cen<er.
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Thus, in proportion to the accumulation of informaticn atout th-=
behavior of objective function the vector of storagza W is 4turned/ran

up on the average in the direction, opposite gradient.
Page 86.

With the decrease of the expansion angla of ccne v the
possibilities of rotaticn W by cne step/pitch are reduced, sinca is
exhibited inertness. But with ccrrect arrangement W (in the dirsction
of "ravine"™) with decrease ¢ are reduced losses to the search. And
vice versa, with increase %' systep becomes nmore nmcbile due #5 an

increase in the losses tc the search.

Thus to th2 mobility and the lcsses to the search affect the
parameters of s2arch - angle ¢f ccne y, the length of the werkiag
step/pitch a, a nuaber of tests/samples m. The density of
distribution of the angle of working sta2p/pitch (or path curvature),

the characteristic mobility of search, is considered [2]:

o]

Pu(2)=m = ~~sin"2Q; wi th n=m=2,
(jsin"—zqrd?)

é-ep=‘t—.

Losses to the search are calculated from the formula:
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K= —= , #pa m=n=2, k=—Y

jcosQ 242 2sin? kN

Key: (1) . with.

With increase %. in the loss tc the search they grow comparatively

slowvly.

Oone of the problems with the realization of search G3 is the
fulfillment of the self-adjusting cf algorithm - selection thcse
optimum ¥, m, ansuring the retenticn/preservation/maintaining +ha

necessary inertness and lcw lcsses.

Por ¢:=F(Xr, Ar) as the initial parametars can be accepted in tha

absence of a priori information the following values:
1) Number of tests/samples on each step/fpitch m=3;

2) the initial vector of experiment Wy, which has uniform

density distribution of probability in the hypersphete of the

r
= &
0

parameters and wvhich is detersinirq on the first step/pitch on

randos-nunber generator;

3) the expansion angle cf cone $= - ;
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4) Initial coordirates of cone, which coincide since the origir

of the coordinates;

5) the test step/pitch of search g, compcnent along each

Ax; .
coordinate 5. where Ax, - range cf a change in the argument;
6) the working step/pitch a=q.
Page 87.

For the analysis of the suspected region G3 is proposed ¢5 use
several modifisd algorithmss of cptimization with a variation in
matrix, based on quadratic aprrcxistion of objective function with

the use/application of slippirg interval [3].

Since for determining ¢ contemporary SOl is necessary +hs
considerable oparating time of cosputers, one of the important
requirements to the algoritham of coptimization is the minimization of
a number of accesses for calculation ¢. The gradient method, used in
work [3], raquires for each pcirt 2n of accesses to % (n - pumber
of arquments); therefore for determination §, 1t is propcsed tc use
an algorithm of ths static gradient, which makes it possible to find

the avaluation of gradient & with number of tas¢s/samples m<n.

w....nm‘- -




DOC = 81024105 PAGE /49

Pr———

Purtheraora, for maximuam use already obtaired during the searcth s
G3 of information it is proposed as the direction on the first cycle
in the local search §}.to use the sense of the vector of storagzs W at
the latter/last step/pitch and tc design therefcre changes in

direction Aé: for the sutsequept cyclas,

Thus, in the algorithe LEF is proposed this sequence cf

operations.

1. Evaluation of gradient
»n
£ = ZE[4(X+AEy g, (D))
vhere Z,- - unit randonm vectbts, evenly distripbuted in all directicns
of parameter spaces; A - values of test step/pitch; X - iri*tial stats

of system, from which are produced randca tests/samples (AE, AE, ..., AE.)

2. Calculation of increases in gradient

;-—l =;l _;r-l .
Page 88.

3. Calculation of change ip direction of motion on cycle

(besides the first)

A§ " » "H‘f—l ,.l—l. zJ.-l
/! iy

\"l.' j=1,2....' kv

IR < -
R 1 1 Tun D X s T’
(22

NS — TS
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whera
Z.““=h""-y."“; h' _h"‘ +A’l

(s»1 1is determined in pcint/iten 6).

P

4, Determination of sense of the vector of moticn on this cycle
§t'=§.'—'+ AS*,
5. Determinaticn of pinimum in dirsction §,
(\)=min o(x*+ A%
. a) calculation by derived
a—ﬂ) =(§.)";'.
b) test stap/pitch Pi=z,*+18% t=1. %,

()
c) the calculation cf the derivative GISTL-I

, o a2 — A+ 08— 2 +(G—YS.] | N
Mg § F []
vhera 6 - projection of the vector of tast steps/pitches X in
direction §*
- - s
— (8.)"A - gx *h

s =

d) the analysis: as a result of test step/pitch y sufficiently

they approached the extresum c¢r they passed it, for this we considar:

if a<10a,, then is conducted linear interpolation on i
N :

one

= .:T.,' P"'-‘l-"-l"xc-v't'-
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If ;>105_1 (step/pitch is spall), from point Iﬁ(x) i+t is produc2?

with the step/pitch ;;27- and ;=a-,- nev test step/pitch (transition to

Sb) thus far we will not obtain extremum in direction 8"

L

6. Deteramination of displacement of current point in cycls

o e P? oy 2% =1, N

. Page 89. |
~‘, . - I &
- : ) m
: = Sawe . Pty v (e’
; jo——wm G{""",::auwj
== =t
A E@m nanpo“anﬂ
"o 2 E. 1 OU‘IWNU.
i _ - &'1 Modeas COM - @
Swwucrenve % &)
m&mwnpo&momall
R
i (20 acvem podiou ‘mowmi)
j&v.m
a: "(g&h T
Q 5""””‘ g ’V;.,'.’""' mouex ? oo
J (Id’uturm A onm | (2¢}Pacvem waza 1
.o\ 3a AN l
ConAsQ ucz [ nQUIONU
- Jonmun varpobamus S (rAPacvem zpaduenma 9."| ( ': C::':" Cq?':'“’ :

I — :

Key: (1). Input of inmitial data. (2). Ramking. (3). Identification of
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parameters, (4). Corstruction of hypercone. (5 . Selecticrn of
saapling points. (6). Selecticn. (7). Calculation of direction. (8).
Is trajectory loop. (8a). even nuskter. (8b). yes. (9). Identification

of parameters. {10). Dispatching initial LP of optimum direction S.

(11). Model SOI -~ calculation. (12). Selection cf sampling pcints,
{13). Calculation of gradient. (14). End of search. (l4a).
output/yield. (15). Calculaticn of increase ir gradient. (16).
Correction of matrix/die. (17). Calculation of direction. (18).

N Calculation., (19). Calculation cf tast step/pitch. (20). Calculation
* of sampling point. (21). Calculaticn. (22). nc key. (23). Calcula¢ion
A by wholesale. (24). Calculaticn of step/pitch. (25). Calculation of

displacenment in cycle.
Page 90.
Then we pass to point/item 1, beginning pew cycle.
The operations of pcints/itess 4-6 are presented in werk tS].

The search for extresum is finished, when the modulus/module of

gradient is reduced to the assigned magnitude

A=|gi= ‘/ ig"<¢.

%

The block diagram of algoriths is given on figure. )
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It should be noted that the use of this method in the
examination of concretes/sgecific/actual systers assumes the
possibility of the ranking of arguaments of the II kind relative to
one or the other objective functicn on the basis of the a pricri
information, which considers the specific character of particular
task. If information about the effect of such arguegnts on q is
insufficient for the ranking, ther is accepted the unifornm

probability distributicn cf the selection of ¢ne or the other state

of arquaent.
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Page 91,

Algerithm of the numbering of discrders.

V. N. Zaboltskiy, V. P. Lukin,

one of the directions of ccstinatory analysis is the solutior of

problems to numbering i.e., the establishment of a quantity of

. methods of executing some accurately described operations. In this
‘ i case vital importance has the protlem of identification which is
]
Lo f reduced to the numbering cf the elerments of set of all methods of

executing the preset operation. Are known the mathods of the
- ‘ numbsring of combinations [ 1) and transfers [ 2]. This article gives
the method of the numbering cf transfers <a, 06 ..., 6,>, formed frcm

the elements/cells of series/rovw 1, 2, ..., t 0f which none occupiss

|
its natural place, i.e., & #i(i=1, (1), ¥} sSuch transfers in work [ 3] are "
!
i named disorders. {
!
There are many X, t=tdisorders ®a=<a, 8z ...q,>> with a power of
D,.
]
3
It is known that
! . . .
D,—t!( 1+ g(—l)‘ Tr)
1
P
W

EYP T AR SN y s, . -
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or in ths recurrent forwm
Dy=e{t —1XD ¢~y +Ds—9). 1)
Por disorder a=<bj, b3 ..., b:>€E; it is necessary to determire
number O0<N<D.—1 depending op the value of elements/cells b. PFor

this purpose all disorders 2,6 E: scmehow are crdered.

For the numbering of disorders is used expression (1). It is

obtainsd on the basis of that fact that amany ‘E. t-disorders can be

. decomposed into t-1 subsets

. r—1 $—1

E=UE™ (B0 EP=02).
, e W P =) ,
e e f+‘

Page 92.

Each subset E{” is characterized by the fact that 4o all rave

0,€E"" a;=const. This makes it possitle to consider E! as many

disorders %7 with a length cf t,<t. E:, CE, - many t-disorders which

have ai=bi; n(,) - number of place, vhich occupies element/cell %

the disorder.

sat E;, is divided/marked off into two subsets
E;, =E,(ln UE,tlz) m& (E‘(lu nE';z)=®).

vhere E{l - subset of t-2- discrders o), in which a(l)=bd;E)

subset of t-1- diisorders “‘:). ~in which n(1M#b,.

in




.

Y
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Taking into account the special feature/peculiarity of disorders
a;#1 and ordering disorders in set E: in such a way that
N.=n< N,('z-). the number of this discrder « can ke determined as

followus:

N. =(—2)Dt~1+Ds-2)+¢(De—3+N .(‘z))-i-(l—!,_)N ik 2

vhere
_ { 0 n(")x n(1)=b,.
“=11 éx n(1)+:b, °

Key: (1) . with.
Ny - number of disorder « in set Eg (p=1,2).

For determination N‘:, it is pecessary tc lead disorder %
either 4P into the confermity with the defimition, to excluds
element /cell b; and suprlementarily in disorder a‘,“" Y

81, to change tha
romaining elements/cells so that the disorder would be comprised of

seriQS/rO' 1' 2' seeop t-2 or 1' 2' seeyg t"1.

In disorder 4« with a length of #"=t—2 the elements/cells

(besides b, and 1) are changed in the following form:

b N —1 n .y b b,
141488 P nlnlﬂ)<
b=

3

btﬂﬂ,ﬂ)—z nOP. L +c‘(1’>bl.

Key: (1). with
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vhere

0 ?‘é\- n(i+1)< n(1)
1 SHa a(e)>a(),

i=1,(1), ¢.

T {

Key: (1). with.
Page 913.

Por disorder a» by length ¢®=¢t—1 of a change in the
elenents/cells they are carried out through the following rule:

. ‘
bl*l—lﬁ b‘*lﬁ"—‘l
b, 1)
y (bl—l n blay=1 - (4)

Key: (1). when.

on this is finished the grccedure of nuamtering of this disordar
taking into account element/cell t,. Por the total determinatior of
its number it is necessary to repeat this procedure before obtaining
of disorder with a length of =3 or #=2. Thera is only tvwo
disorders wvith a length of ?,=3 (their number K (2, 3, 1)=0, N(3, 1,

2)=1 and one disorder with a length of t,;z {(vith number N (2, 1)=0).

Ganeral/coamon/total expression of the number of the discrder

No =@~ 2XDe ;-1 + Dim2)+¢, Dy s, ®)
]

vhere
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. { 0 é%n a(1)=b,
771 fou n()=b)
J=ov 1’ ceos bx(°,=b1. to=t.

Key: (1). with.

1t is pcssible to shcw that the method of numbaring prcposz1
ensures mutual one-to-one correspcndence betvween many t-disordsrs

vith a pover of Dr and by the set of integers of the range [0,Di—1}

Example, To determine the nusber of disorder a«=<5, 4, 6, 2, 3,

7, 1.

Using relationships/ratics (2), (3) and (4) ve will obtain

a=<54,6,23,7,1>, Nu =(6—2XD¢+Dg)+Ds+N., =
. =(5—2X265+44)+44+N., =071 N, ;
2, =<3,5,1.2.6,4>, No, =(3—2XDs+DJ+ N, =
| =(3—2(44-+9)+N., =53+N.,;
=< 81,4,2>, Noy =(@—2XDy+Dy+Dy+-N., =
| =B- 2D N =N
0 =<231>, N, =0; N.=1028,

Page 94,

Lat us consider reverse fprccess - the determination of th2 value
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of elements/cells b, of disorder w=<byby...,b> £rom its number,
For the uniqueness of the reducticn process it is necessary to
indicate the length of discrder. The methocdolcgy of tha determizaticn
of the elements/cells of discrder a consists c¢f the consecutive
determination of elements/cells EU} ~ the first elsments/cells in
the disorders with a length of !,<t. beginning from elsmert/c=2ll

61, and then in the consecutive transition from 2- or 3- discrder %o
the onknown t-disorder cn the basis of the relaticnships/ratios,

"reverse" to relationships/ratics (3) and (4).

The first slament/cell of the unknown disorder b; is determirned
by the solution of the inequality
N« >0, —2XDt—1+D1—a), (6)
It is easy to show that length t, of disorder =z, can be found with
research of the aguality
Ay=Na. —(b,—2 D11+ De—2)—Dys.
When A;>02 it is a t-1- disorder, with Lty & A,<0-t-2-disorder;

n(1)=b,. Purther is detersined numsber N., of disorder a:

Nc,., ’N. ‘(bx—- 2XD;—|+D',1)—C‘D'_’. )

0 %}- 8,<0
G= { 1 Yom 4,50.

vhere

Key: (V). with.

On this is finished the stage of the determination of *he firs:
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{ : elesent /cell b, of the unknown discrder a and the number N, >f
disorder %, vith a length of t,<t. Carrying out a similar
procedure, we determine the first elements/cells bl) of t;-
-disoriers up to 2- or a 3- discrder. As a result it is obtained by
o one of three sequences: <b,b®,...,b%, 21> eithar

<b.bM b, 2,3, 1>, 0r <by, bV, n.,bNﬂ.é;i 25. In each of these

sequences the true element/cell of the unknown disorder is cnly b,.
All remaining slements/calls b are trus only for the disordsrs cf

@ corresponding length !+ For determining all elements/cells of ths

unknown disorder consecutively/serially are restored on the known
length and the first element/cell all disorders with a length o ¢ .

beginning with 4- or a S-discrder.

- Let be restored/reduced !;+1 disorder it is known that lengtth

U; of disorder - t;+1+2 (here j it makes the same sense, as in tte

expression (5)) and its first elewment,call - -B) 3
Page 95,
This means that in t;- disorder A/m=4), i.e. element/cell 1 occupies

place with nusbar &'). Flesents/cells t)¥ disorder (besides p i

and 1) are formed from elements/cells t;s1- of disorder in the

following manner: )
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b‘u+1)+2 " b,”"‘”)b”)—l
. B (= '
_ i1+ b‘u+1)+1 n b,‘f“'"(bl‘”—-l *
‘ Key: (1) . with,

t)

vhere

. U)—{ o &?K n(b‘(l+l))< n(j‘l)—l
" |1 npm (b=l 1)—1 "

1=11 (1)1 tj+l.

Keys- (1). with.

If t,- disorder has a length ?;.1+1, then its elements/cells
(besides b)) they are found frcm elements/cells tj+1~ disordzr

with the help of the relatiomshigp/ratio

o
B = { b1y ép,, b+ Np (N1
1 frpu bU+D=p—1 , 9)

=1, (1), t;41.
Key: ('). with,

Example, T> determine the elements/cells of disorder with a

length of t=7, that has number N=1028,
Deciding inequality (6)
(51—2) (D¢ + Ds) << 1028,

ve firpd b‘=5.

Aftor detarmining difference 4,>0, we =stablish tha% n(1)#b,

[ S PO, SV S

ani
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%, is a 6-disorder. Its number
N. «, =N —(by—2XDs+D;y)—D;=57,
Pirst element/c211 of discrder a,
N—2)(Dy+D)<57, bi1=3,
Since A,<0, then aW(1)=b,'’ and @, is a 4-disorder. I4s number
Noy, =N —(b,V—2XDs+D)=4.
The first element/cell of discrder o,
"(h"’f-2XD.+,D.)<4. b =3,
A3=0; therefors ng:#-v” a;d a, 3is a 3-disorder. Number of this
disordar
Ny, =Nop, —~O®—2XDy+ D) —Dy=0,

Page 96,
This number has a 3-disorder =, =<2,3, 1>.

Is restorel from o with the help of exrression (9) a

4-disorder .. which has p,P=3—q, =<3, 1, 4, 2>

With the help of exgression (8) is restored a 6-disorder g,

'hiCh has bl(" =f;:::= 3 %, = < 3, 5' lv 29-6v 4>.

Similarly is restored the unkpcwn disorder a=<5, 4, 6, 2, 3, 7,

1.
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Page 97.

The possibility of applying the ccde juice for the construction »f

coabinatory switches.
N
Ve G Yevstzgn%ev.

By tha combinatory matrix switch (KMP) it is accepted tc call
the device/equipment, which ccnsists of r of multicircuit
transformers. The total number cf windings on each transformer is not
more than n+N, where n - number of input onas and N - number of

output windings.

The windings of transformers, connectsd with n input KMP, forn
the input matrix/die of the ccnrection

qu %12 ... G1a

Q=[qu] = dn ... Q2 )

91 9...0r

Usually as matrix/die Q is used the code matrix/die of the n-bit

pesitional code.

The windings of transformers, connacted with N outputs/yields

of KNP, form the output matrix/die of the conpection
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M=fm)=| "0 "5 - x|

As matrix/die M can te used, for example, unit satrix of order

N<2®,

The codes, usad for the construction of KNP, can be considered
as the class of the blcck binary surplus codes vhich are usually
classed in the following sanner:

C(n, d) - corrective codes with a ninimum code distance of 433,

D(n, d) - corrective codes with distance d;;, limited from balow

and on top tc one ard the same value;

E{n, d4) - corrective codes with the constant distance.
Page 98,

Value of the signal cf the selecteid output/yield of KMP is
always more than the signal of the unselacted output/yield, and their

relation in the vorse case ic determined by dependence [ 2)

C=—2

n—2d "
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The difficulty of the process of obtaining the corrective cod:s

bl

and the complexity of the devicessequipment of the ccnversion of <«n
nonexcessive codes into those ccrrecting restrain wide accep*tance of

KapP.

To the coda of the system cf residual classes (SOK), which
possesses the excellent ccrrective rroperties, is at the same tine

distinctive the light and simple process of its obtaining.

This gives to us to right raise a questica about the possibility
of applying the code of SOK for the construction cf KMP. For this

purpose it is necessary tc provide this code, which is nonpositiornal,

the arpropriate positicnal characteristics.

It is known that a number in the systam of residual classas
(SOK) can be unambiguously represented by the smallest non-nega“tiva
deductions on the selected bases/tases p,, P2 ...» Pav where D1y P2y .+ «y DPa

- mutually priae numbers, if nusber value does not exceed ﬁpdlL
les]

Let at the system of bases/bases PP < -.+Pn. P21 of residual
classes be is preset nusber A=(ai;, oy ...,2.,%+1) lying in ths range
»
P'”nfh In the theory of residual classes it is proved that the value

of number A will not be changed, if vwe represent it in the systam >f

bases/bases from which is withdrawn p, (i.e. if we in representation

Lﬂk"r—_’
.

A v e




DOC = 81024105 pAGE /AT

A delete digit ®). 'Number A4, okttained froam A by the crossing out of

digit &' is called the projection of number A un basis/base P

In viev of th2 unigueness c¢f representation any tvo rumbers A
and B from rangs P aust differ frcm each other in tarms of deductiorns
at least in one basis/btase., If this is no*t imrlemented, %ther A and B

are equal.

We will coansider each of the tases/bases p certain i bit (i=1,
2, ee«eqo 0), tha n-bit cocde, in shich digi%t in %he i bit is the lees*
pon-negative residue of a number cn basis/base pi. By analogy with
-the generalized thasory of coding this code we will cill p=th n-bit
” P(p,, n) code.

Page 99.

By analogy with the linear ccdes lat us introduce for the cods
of SOK of the concept of the weighkt of code wcrd and distance of

Hemming (code distance) P(p;,n} code.

Definition 1. Weight w of code word P(p:, n) the code we will

call the number of bases/tases (bits), according to which it has

correct digits. (in our case c¢f w=n). P
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Definition of 2. A number cf positions (tasess/bases, bits), in
vhich two words P(p,, n)the colde differ from each other in tarms o2
their deductions, let us rame Hemsing's distarce or simply by
distance 4, the small distance Letween two words on all pairs 5f c>1ie

words P(p;, n}the code - minimum distance of code dai.

Example 1., Let be preset basis py=2, py=3, p3=5, pPs=7 systam of

residuval classss. Range cf the representation of nunbers

P=pyep,ep3ep =210,

Lat us coda on those accepted by the basis/basa of two numbers A

and B froa range P.

L2t A=159=(1, O, 4, S); B=201=(1, 0, 1, S . All A is equal to
veight B i.e. W4a=ws=4.. Given words differ in terms of deductions in

basis/base p;. Consequently, the ccde distance of them is equal to 1.

f%on the aforesaid it follcws that if vwe on basess/bases p;, P,
eesyg Py form entire amultitude cf wvords P-ﬁph then the ainimun
{=]
distance between two words from range P on all pairs of words will b2

equal to unity.

Theorem 1., We have basis pPuwpPr ...y Pas Pnsa1 Of the system of

residual classes, which satisfy ccndition P >p (=1, 2, ..., 0). 1If we

cam. - n L

e e e
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!
on the bases/bases accepted fcrs many words P=¥I1‘n, then the minimum

distance between all pairs of wcrds will be equal to 2, i.e., dmia =2

Proof. Let us take number A=(aj, a,..., &, %+1). lying/hcrizontal ir

the range P. If wa in the representation of this number delete digis
on any basis/base, then pumber value will not be changed, it will
also belong range P. But numbers cf this range hava dp,=1.
Consequently, the numbers, regresented on n+! to bases/bases, will

have d=d,+1. QBED.

Corollary 1. let there be lases/bases Py, Doy eves
Pus Pat1s ooy Pe+d the systess of residual classes, which satisfy
condition
Prar>pasai > Dpaa>py; (1=1,2, ....a), k=0,1,2, ...

-~

Page 100.

L]
If we on the bases/bases accepted form many words P=ﬂ{m.then the
mininum distanca betveen all pairs of words will be equally k+i,

i.Q. P3 d-ll =k+l.

The proof 5f this corcllary escape/ensues from the previous

—

theoren.

Wa wvill call this code P(r, k)-code vhere n - number of warking

y
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(informational) bits (bases/bases), k - number of control (reliundarnt)

bases/bases,

The introduced by us positioral characteristics of the cede in
SOK such, as weight and mirnimum distance, make it possible %o sxamine
the procedure of the deccding of the code in SOK from the point of

view of the lin2ar codes.

Por the linear positional systeas is valid following theoranm

(31

Theorem 2. In the sisple systenss of the type M with the
syametrical channels withcut the storage with any fixed/recordaed
procedure of coding the probability of the error of Roshk is minimum,
if decoding is conducted through the criteriop of the minimum of a
number of noncoincident pecsiticrs, i.e., if solutiorn Zm (transmit*ed
comaunication/raport ‘xw) is accepted every tire that the combination
¥. accepted differs from Ya in a number of positions dmw lass than
fros any other code combinaticn:

du,=min d;.
or, vhich is tha saae,
. da.<d;, (naluzicex 0.

Key: (1). for all 1.

!
1

gt

PN .
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In this case, if ccrtinatien Y, differs in an identical numbec

of positions from code ccmbinations Y« and Y& +then with the 2jual

® |

success it can be accepted both the solution ;.. and solu*icr

Leat us recall that systeas of the type M call the systers in

which a number of possitle soluticns coincides with a number of

o~
possible communications/rerorts (M=M).

Lat us attempt to establish/install, how should be carried out a
procedure of coding so that it would make it rossible to deccode tke
signal accepted on the criterior ¢f the maximum of likelihocod ratio.
The combinations of any code Y; and Y, (serratad signals Y, and

Y, subset P) differ frcm each cther in the specific number cf

positions dux
Page 101,

Small of them they call Hemming's distance. Prom thzorem 2 it fcllows
that each subset f; besides code combination Y, contains ca a%
least all combinations, which differ from it in one, two and sc¢ ferth

t the positions:
t__[d—l
==

vhere the sign [j] indicates whcle rart of d-1/2.

e s g———
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In other words, us interests such coding, with which the correct
solution is accepted when after the demodulation of serrated signel
it will seem that t {(or less) of its elementary signals they w2rCe
identified incorrectly. In this case we will indicate that selacted
code P(P.m k) corrects all errors by multiplicity t and less. Jdn +h~

basis of the aforesaid let us fcromulate theoren.

Theorem 3. S0 that the code would corract all errors on + and
less to bases/bases, it is sufficient so that the code distancs would
be equally d=2t+1 or (that the sarme)so that the system would have

k=2t surplus (control) tLases/bases.
The proof of this theoree is obvious,
Let us demonstrate the fcllowing important theoren.,

Theorem 4., Let be preset basis PuPn ..., Py, Patr, -+ Path 0f the
system of residual classes. In order to form many combinations
Ps‘l":l‘p‘ with d=k¢1, it is sufficient so that wculd be satisfied th=2
condition
p.<p.+|<p.+a<...<p.+u. =12 ....n.
Proof. Let us demonstrate first theoram for n=1 and k=1, In this
case, obviously, many ccrbinaticns with d=2 will be equally p,. Let

p2<p1+ Then among many ccesbinatiors p, there will be such, in which
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vith different digits cn tasis/tase py of digit in pasis/base p, +they
vill coincide. It means, these conmbinations differ only in %teras cf
digits of one basis/base f, and, therefore, them d=1, which
contradicts coniition., Then must be satisfied the condition of

theorem p;<p,.

By mathematical induction thecrem can be proved, alsc, for n=2,

by 3, «.. ard k=1, 2, 3:.

Previously we introduced tbhe definition of the weight of code
owl as the pumbers of bases/bases according to which it has corract

digits.
rage 102,

In the presence of n- werking and k-control bases/bases the weight c¢f
a number is squal to n+k. Let us introduce now the concapt cf the

veight of adjacent wvord, tut let us before give its determination.

Let there be n working and k ccntrol bases of the system of the
residual classes, which satisfy ccnditions of theorem 4. We fcrm on
n
the bases/bases accepted set Ptlnp, of code words. Let us register
=]

one of the words o5f this set 4=(anay ..., 2, 2ne1, ... 2042). According to

theorem 4, the minimups rumber of rases/bases in teras cof daductiors
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by which differ all pairs of wcrds from set P, is =2qual k¢1.
Consequently, among the ccebinaticns of set P are such, which
coincide with the selected number A by deductions in n-1 ¢o

bases/bases.

W2 will call adjacent word the combinaticn from set P, which hes
at least on one basis/base a deduction, which coincides with tha

deductions of the preset selected ccmbination from set P.

Definition of 4. The weight cf adjacent word %« we will call
maximum number of bases/bases ip which the combinations from set P
have identical dedactions. If P’UEP“ then w.=n—1. However, the
weight of the selected ccde word P(n, k) of -ccde is equal to
w=w.+d, to tha sum of the weight cf adjacent word and ccde distarc:

of this code.

It is here necessary to emphasize that the coda distance 1 in
P (n, k) -code increases cply due tc a quantity of introduced surplus
pases/bases, but not due to their value. However, the value c¢f thanm

aust satisfy th2 -onditiors of thecrem 3,

In the code SOK an ircrease ¢f the code distance is reached bcth

due to the gquantity and dve to the valuz of surplus bases/bases.

Theres is limit thecrem [ 1); acccrding ¢t5 it, tha value of ccntrel
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basis/base is chosen on the basis of th2 condition for sirgle-valued i
deteraination by the number of the interval into which falls th2
number, which contains error on ore of the bases/bases, locations and
values of error, i.e.
Pr41>2Pa" Pa.
Therefora is very important not to mix tha concept of the code

distance of the code into SOK with the concept of the code distance .

P(n, k) of -code.

Although these codes have one and the same origin, both thay arca
residual. In tha concept ¢f redundancy in each of them is imbedded
its individual sense. hence different will be the methods of thair

decoding, detection amd ccrrection of the errcrs in them.
Page 103.

On these qualities P(n, k)the -code is 2quivalent to the positional
codes and, thersfore, it can be used for the construction cof

combinatory switches.

Introduction P(n, k)-code substantially widons the field of
application of the codes SOK and are offered the new possibilitiss

before the systam of residual classes which due to the obtainel

positional characteristics can, remaining nonpositional, to accaept
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positional coloration.
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Page 104,

ORGANIZATION OF THE STRUCTURE OF THE SPECIAL-FURPOSZ MAGNETIC DRUHM,

V. P. Karyakin, P. D. Butakov, V. I. Shunmay.

During the solution of the tasks, connected with the
treatment/processing of the large files of information, it is
necessary to preserve initial data and intermediate results not in
02U, but in the external c¢r buffer storage TsVM. The transmission of
information in 028 from VZU or EZU leads to the considerable time
losses. Ex*ernal and buffer accuruvlatcrs/storage are implementsi mpos%
frequently on the magnetic data carriers. Prom these
devices/equipment by maximum capacity/capacitance and the great=st
access time possesses the accumulatcr/storage on the magnetic tape,
by the minimuwm access time and by the smallest capacity/capacitanca -
drum store. The displacement/sovesent of informatiqn over the sarfacn
MB is realized both on time cocrdirates (direction ¢f moticn)and or
the three-disensional/sface (lengthwise generatrix) due tc the

arrangement/position of heads, and on ML - only cn time ccordina%as,
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Lot us consider the lecaticn of heads MB., which makes it
possible to realize the algorithe c¢f rapvid Pourier transform (BPF).
This conversion is realized by multichart usesapplication of the
specific sequence of the unifcrrz elementary ccnversions c¢n nuabers cf
initial file of informaticn. Realization of BPF with the help of ¢k~
magnetic drum can be presented as fcllovs: read out with MB air o¢f
nusbers enters AU it is finished ry the moment/torque of aprrcach
under the heads of the followinc pair of numbers. During +he
following stroke/cycle cf readirg it occurs to wash down the obtain=z=1

results.

FPor convaniance in the following presantation let us introduce

twvo determinations.

Definition 1. under distance cf S betweend the pair of read
(vritten/recorded) numbers we will understand a quantity of numbers
n, registered with the drum between two numbers indicated, assuming
that nuabers are registered intc c¢pre column.

Page 105.

Definition of 2, Cclumn we will call the saquence of the

. WM e

e
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numbers, registered in the circumference of drun.

The structure of arrangement/pc¢sition on MB. Initial da%a, and
also intermediate and final results depends on translation zlgorithm.
Por determining the requirements fcr the arrangement/position »¢
_ information and heads of recording - reading cn MB let us analyze
algorithms BPF, using a represerptation of algcrithms by the current

graphs/counts of conversicn [1].

In the graph/count with the recurrznt structure (Fig. 1) *he
distances between the rairs of read and written/recorded rumkters ar:2
equal for the single stages of conversion, and from one stage “o ths
next changing is proporticnal of the degrea of number 2, moreover in
the stage they remain ccrstants. The same prorerty pcssess
nonrecurrent graphs/counts (Pig. 2). The structure of regular
graph/count is characterized by ccnstancy of the distance betwsan the

read and written/recorded numbters in all stages (Fig. 3).
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Pig. 2. Recurrent graph/ccunt.

Pig. 3. Nonrecurrent graph/cocunt.
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Por the analysis of the versions of rsalization of BPP lest us

consider the simplified model c¢f drum, Let us assume that fcr resading

or recording of numbers is necessary only one head, in this casz 2

e L A et e m Ak e =
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number is read or is vritten/recorded by all digits simultan-ously.
Let us assume also that the processing, numbers occurs instarntly,
i.e., the counted number withcut the delay in AU enters the chaanzl

of the recording vhere it is written/recorded to the drum.

In general law of the arrangement/positicn of magretic ra2cordir g
heads depends not only on the gragh/count of conversion, but also or
the method of positioningsarranging the numbers on MB, i.e., from a
quantity of columns. Thus, during the arrangement/position of heads
on MB it is necessary tc consider three parameters - time of the
start of hesad, numbers of columns, in which are registered the data,

and the form of the gragph/count c¢f conversicn.

Let us determine the law cf the arrangement/pcsiticn of hzads,
i.e., number and the crder of their location above the surfaca MB for
the regular structure of graph/ccunt during the recording cf numbers
into one column. Since the regular structure is characterized by
constancy betwsean pairs c¢f the read and written/recorded numbers in
all stages, it suffices tc determine the gquantity of heads, necessary
for conducting on2 stage., Let the file of initial data be registzred
to MB in the natural order and ruster of samples in it N=2" The
distance between the read numkters will be equally N/2, and betveen
those written/racorded - 1 (Pig. 4). during the gyraticn cf drum will

occur the "ccopression™ ¢f the written/recorded £ilea, In %“he sacord
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L ) stroke/cycle of recording the first recording head - 251 - will
vrite/record a number to the previcusly registared zone. In cri-cr *“c¢
avoid the imposition of recording, it is necessary to introduce

further head 2G3 and to carry out the ra2cording by heads 2G2 ani 2G3.

L i
.

In the third also of recording it is necessary to include/ccnnict ors
additional head of reccrding - 2G4 - toc avoid the impecsition of
informaticn, which can arise durirg the recording by head 2G2, and so

forth., The total number of reccrding heads is equal (N/2+1), where N *

- length of array.
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Pig. 4. Realization of regular structure during the recording of fila

intec ¢cne cclumn.
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If the file of initial data was registered in a binary-invers=s ordar,

. then a number of recording heads is equal to 2, and readirg -

(8/2¢1) .

Let us consider the realization of the sams graph/count durirg
the recording of file intc twc columns, on N/Z samples in 2ach., With
this method of the recording the distance between the reading heads
and their location from one stage tc the next will vary propertiornal
the degree of number 2, Figure S shows two first strokes/cycles of
the work of heads in three consecutive stages. Recording heads it is

necessary only 2, and reading - 2(2n-1), where n=1log,N. It is

necessary to note that cnly in first stage the reading is satisfi»2
by the pair of heads frcm the different cclumns, in all remaining ?;

stages in the stroke/cycle of reading work the hesads of one colunr.
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If we ®"roll" file on the drus, i.e., ve rawrite him of one zcne
into another and back, then the tctal quantity of heads comprises
2% max +m, Vhere kmix - maximus number of heads in any stage, m - nurber

of further heads, which permit implementicn o0f a cenversien in %he

remaining stages.

I AT TR Ty
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Por the describad versions of the realization of ragular graph/ccunt
this respectively is 2(”201) heads in the f£irst case and 2(n+2) -

the secondly.

Lat us consider graph/count with the recurrant structure and it

is determined the place c¢f the teads above the drum surface for the
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file, register2d into cne cclumn. For this structure is
characteristic the constancy cf the distances between the pairs

read and written/recorded numbers "within™ the single stage: in

heads, in the second stage a nusber of heads grows to three; in

of

Kk

stage S5,=N;2", whera k=1, 2, ..., N. AS can be seesn fronm figure o,

- during the first stage it suffices to have twc reading and +wc wrisrs

the ¥

stage it reaches (2*!+1). For this graph/count the.results ca- be

vritten/recorded directly in the place of the rsad numbers, which

makes it possible to lead 211 the ccnversion in one column.
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rig. 6. Realization of recurrent structure.
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The recording of the file of data into two columns gives the sanme |
location of heads, as in the case ¢f regular graph/count. During *he é
motion of file along the drum the tctal number of heads will compris2 é

ihw vhere &X; - number cf heads in the i stage.

Por the nonrecurrent graphs/ccunts during the recording cf th2
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file of numbers intc one column on sach stage it is necessary to heva
tvo those recording and (2*'+1) reading heads (k - number of stage).
During the arrangeaent/positicn of the file of the numbers into two
and more than colusns the reading and racording can be carried out
both of one and from several colusms, in this case an optimum aumber
of columns is connacted with thé tasis/basa of conversion. For
basis/base p=2 an optimum number cf columns j=2, for p=4 j=4, sinc»2

this siaplifies equipwment,

A deficiency/lack in the regular and recurrent structure is
obtaining results in bipary- inversely the order during the location
of initial file in the natural crder, vhich leads to the need for
classification. This operation car be realized in the order, ra2verse
to initial conversion, wbich dorbles temporary/time expenditurss,
Another method of classification ccnsists in the setting up cf
further heads in the latter/last stage. The lav of the loca*ion of
these heads during the a-rangement/position of f£ile into two columas
is described by the forsula

Sy=8i+F, L
vhers k=N/zrt—2 =2srtd_ 2" ‘ '
k=2l r=1 2., (=25 t=L %L T,
8, - - distance betveen the head, which reads the k-th pair of

numbers, and initial, zerc, the head, wvhich reads the first pair of

naasbers.
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If as a result of calculations it is obtained, that 8,=S, with
k#Zj, then this it seans that the k-th and j-thk pairs of numbers reads
one head. If values S, are negative, then head with number 8, is
arranged/located relative to S, in side, opposite S,>0. "Wables 1 and
2 give distances 8§, for the reading heads, calculated by formula (1)
for thae files in length 128 and 256 numbers. For both files feor the
classification of the results it is necessary of 27 heads. Increase
in the number of these heads to cccur only with increase in n=log,N
by 2. Therefore for decreasing the equipment the files of the data
vith a length of N=2* with cdd v must be transformed, leading them
to the files with sven n, This can be carried out, after in4roducing

tvo channels of rescording, i.e., after dividing file into ¢twvec parts.

eildi
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Table 1.
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Special interast is c¢f the classification of initial £il2 during
the first stage vhen heads are located frcm each cother at the
distances, calculated acccrding t¢ formula (1). Beginning fros the é
second stage, a number of reading heads is equal to 2 in each colunmn,
and the distances betveen thes are changed frcm the stage to tha r
stage proportionally of the degree of pair. A number of recording
heads is equal to 2 in each stage, and their alignment is not &
changed. On MB with this structure of heads the results of conversion
are obtained in the natural order, i.e., this arrangement/pcsition of

inforsation and heads realizes'graph/count with the nonrecurrent

structure.
]
i
Proa the given analysis it fcllows that a minimum number >f i
heads is obtained during the use c¢f recurrent and nonrecurrent

graphs/counts during the recording of files into two columns. Thes2
tvo structures can be virtually realized. In toth cases the distance

betveen the heais aust be equal tc one number, i.e., the length of a

number on the drum detersines the distance between the heads, vhich
depends also on the geosetric dimensions of head. Therefore th2
aininums distance between the heads is determipad either by the length
of the section of a surface of NB, the necessary for the recoriing
auaber or, if the length of this section is lower than the

technically attainable distance between the heads, the gecmetric

disensions of the heads cf reccrding - reading. Since heads ar2
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placed on MB at the distarces, prcgcrtional of the degr=e of pair,
then the length of circumference cf #MB is determined by the length of

the vorkable file that it is an essential deficiency/lack in the

described structures. To eliminate the 2ffact of the sizes/dimensions

n

:\i of magnetic recording heads or tle minimum distance between tham is
> possible by the introducticn tc the duplicated/backed up/reinforceld.
t recording. Then, as can be seen frcs figura 7, it is possible to
+ spread by series/row the heads ccnfronting into the differant
'? coluans. In this case the minimus distance between them will b2
é detersined only by the length of the number, written/recorded on MB,
% By a basic diffarence in the drum in question from ME, it is used in

Tsvd, is transferring inp cne colusn, MB vith a similar method of A

e

access already exist [2]. Por the realization of conveyor data

processing it is necessary to orgsnize the motion of files alcag the

druam, i.e,, during the recording ¢f the results of the first staga

| into second column into the first cclumn it is necessary to
write/record thes nsv file of data, thereby realizing a contiruous

aotion of files along the drus.
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If during the "fluctation” of file the time of processing group of k
files comprises T=knt, vwhere k - pumber of files, ¢t - time of
transformatiocn in one stage, n=log,N, then during the motion of files
it is aqual T=(k+n-T)k. It is possible to decrease the conversion
time of the group of files, if we begin the ofparations of the
folloving stage, without expecting the termination of previcus. Th=2
conversion time of one file will ccmposa t(2+2(n—2)/N), wvhere + -
conversion time of one stage (time c¢cf the reveclution of drum). For

¥=1024, t=10 as, T¥20 as.

Above was 2xamined the ideal model of drum. In the
isplementaticn of the described structures one should consider that a
number with MB is read conmsecutively/serially or is parallel-ssries,

moreover proportionally tc an increase in the paths/tracks grows

equipment. It is necessary to ccnsider that the results will b2
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vritten/recordad at the mcment cf the reading of the'fcllowing pair
of numbers, i.e., the becinning cf file in each stage will be

displaced by one word. Hovever, the technical realization of spscial

~§ difficulties doss not represent.
b
N
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ONE TASK OF SCHEDULING.

B. N. Liang, V. A. Ustinov, N, A. Utenb%;v.

At present very important in applied sense is the task of
scheduling theory, called more frequent the task of scheduling, Its
overall diagram can be described as follows. Thare are by m of
machine tools and n of the parts each of which must pass processirg
on all machine tools in the detersined order. This order can be
jdentical for all parts cr different for their different groups. In
this case the operations are considered indivisible (after teginning
processing the i part on the j sachine tocl, vwe they must bring it to

the end).

Is preset matrixs/die A=Ja,ll where 4,0 - time, necessary for
machine tool). It is necessary to indicate this starting sequence of
parts in the processing, which would minimize the total time of

processing all parts, i.e., the length of productive cycle.

to the diract soluticn (via straight/direct sorting all
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versions) this task does not yield, since already in the simplast
case of the identical passage of parts it would be necessary to
choose smallest from n ! values. The formulation of thes problems of
this class in the form of the tasks of integral linear programmi=g is

one of the promising methcds of resolution of problzm.

Pormulation of the problem, let us consider general prob.iem of
scheduling in connection with ccrcrete/specific/actual object. As the
subject of research is undertaken the production section "steel
foundries - the isolaticnsevoluticn of soaking pits"™, Karaganda

metallurgical coabine.

Page 116.

Production process in thie sectior carries discretes/digital charact=r
and represents the series/rov of the consecutive cperations of
vorking metal (meltings or ingots):

1) the smelting of metal in the Martin and converter shcps;

2) casting into the casting forms; '

3) residue after casting (crystallization); l
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4) stripping the "undressing®™ ¢f melting (blasting/datrimant cf
ingots or the removal/taking casting forms) before its settlemant
into the heating nuclei ONK;

5) settlement and heating ingcts in the nuclei ONK;

6) the rolling of ingots on the roughing mill.

The length of metal working cn different operations is the

!
S P N

random parameter, depending on the mathod of smelting metal

{(converter or Martin) and fros the type of ingots.

C e Ay

In the technological cycle of metallurgical plant the section
i *steel foundries - ONK®" is one c¢f the most cosmplicated ones.
Nonuniform output of metal in the steel foundries leads, on one hand,
i to idle times of the roughing »ill, and on the other hand ~ tc the
delay of oﬁtput into the rolling of the heated metal, which causes an
increase in the scale foreaticn, the further consuamption of fuel,

etc.

Purthermore, for guaranteeing the chythmic work of the rcudtirg
mill it is necessary to arproack the decrease of a quantity of
readjus+ments of mill, which sets the spacific limitaticns by an

order of the issue of meltings acccrding to the types of ingots.
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The task of the diurnal planrning/gliding of the issue of
meltings in the steel fcundries is formulated in the terms of *he
task of scheduling whose setting is given in work [ 1) The special
featurz/peculiarity, which differs the task in question from thno
general/common/total setting, is the introduction of further
limitations to a length cf repair and a quantity of overhauled nuclei
ONK:

e

a3 o=l S, Lt TR

vhete"?;T- time of the termimaticn of the repair (k - identification

nuaber, 1 - number of the group of agéregateS/units):
ta - time of the beginning ¢f repair;

P - standardized/ncrralized length of the repair (it depends on

the type of aggregate/upnit and mseans cf repair).

g 4y LR -t L -

where z - fL m‘ ”‘m.h”ﬂm "@m a,a"as
Gy n wn omo.w q- fomipmnc P00

L et WL I

Key: (1). if nucleus is lccated in the repair: (2). otherwvise.

Page 117,
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Evaluation criteria cf the graph of the issue of meltings must
consider requirement of the minimve of the length of production

process, time, necessary for the readjustment of mill, and also

Ao

. losses during the distribution ¢f ingots according to the nuclaj cf
N ONK. Thus, the criterion c¢f the quality of planning/gliding

following:

a—1's

L _ 2 - . s
FO = Doiry+ 2 Dty — LR+ 00~ @
. femd FLINTY . .
vhere ¢ - period of the readjustment of mill;

k - quantity of readjustasents;

Qu+r-7h)- latency of the i clair before maintsnance/servicing

(j*N) th by aggragate/unit;
m - quantity 9f aggregates/urits of maintenance/servicing:

n - quantity of claiss;

P(t) - certain function, which calculates the distributicn of

/ ingots on the basis of the nuclei CNK and the state cf nuclei.

T e bt e ek AL e s KMAa%L L
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The essential feature of task is the fact that the time cf
processing any i claim fcr the j aggregate/unit is random variable
with kncwn law of distritution. Let us introduce into the function of

target (3) randoa vector ¢, intc which in general enter the randosn

]

f4\~ noise and the control rressures. As a result ths task of scheduling
i the optimum the issue of seltings for the 1 realization is reduced to

the minimization of the functional

Lo =fre.otorr. - @
) o

».u_.t«_..x_lﬁ L e a

The quality of planmning/gliding is considered on the statistical

R

model of the secticn in question. Therefore finally we obtain
<M .

&

M‘)"‘,—ﬁ" »

i vhere N - quantity of realizaticns:

®

i lf'ﬂ—zfit) - discretesdigital aralog of the function of target (4);

-alea

R - many plans/layouts.

ifv";;z'r:&'r.m. AR !

e :Q ,+1, L@

:. i I RN St S S
&g«d;ﬁzr b ()]
ER.‘Z.az' . (9‘
= .

vhere (6) - continuity ccndition of operation, (7) - the condition of
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the impossibility of perfecting welting simultaneously cn two
aggregates/units, (8) - limitatior in the length of repair, (9) -

limitation in a quantity c¢f cverhauled auclei in ONK.

Page 118.

Algorithm of the solution. The task in question relates to class
of the combinatory tasks of discretesdigital rrogramming. The
multiple methods of their solution are heterogeneocus by the
character, but they all tc a certain degree use an idea of sorting.
By the most widely used method, vhich makes it possible to decrease a
number after sabduing, is the "gethcd of branches and borders". Is
close to it the "additive algoriths® of Balash and its modification,

the "simplex method with the cessations" and so forth.

This problaam it is proposed to solve the "method of branchass and
borders®. Its basic idea consists cf the consecutive step-by-step
separation of many permissible solutions ([2]. The evaluation of tke
solution at each step/pitch of seraration is conducted cn the
statistical modal of the section in question. At the basis cf the
separation of many permissible versions of the graph of the issua of
aeltings lie/rest the following ccnsiderations. Entire multitude of

meltings can be decomposed into several groups according to th2 typss

of casting foras, let us assume tc thres: m, 1, n. In turn, eack c¢f

T
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s8¢ 1, n of the nuabers of ameltings consists of two types of meltings
- KP and SP, A quantity of permissible versions at the first
step/pitch is equal to the nusber of permutation of three
elements/cells, FPor each version ¢p statistical model are computed
the values of functional. Fros thes is chosen minimum. At the
followving step/pitch many meltings, selacted on the sinimum of
functional, are divided/larked cff into three subsets, differing frcm
each other by the fact that in cne cf the groups a, 1, n is changed
sequence of the types of seltings, Is computed the value cf tha
fonctional of each subset. ‘nd g0 until is ;:und the close to the

optisum graph of the issue cf wseltings.

Some results. On the statistical model of the section of
mstallurgical plant vas traced the functioning of converter shop for
the purpose of the detersination ¢f the necessary quantity of pourirg
floors under the following conditions and during the limitations:
work two converters by productivity to 2S5 maltings each with the
average period of melting cne hcur, for the average delay tima of
composition after the casting of 0.5 hours, reliability 0.95; the

spelted melting is iasmedjately serviced/mainteined by pouring £locr.

Page 119,

In the formulated task they vere used the method c¢f traaches and
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borders in the simplified setting, the obtained results showed thz2

efficiency of aljorithe and the adequacy of mcdel object.

‘s a result of repeated playback on the computers BESM-3IM were
obtained the following results: fcr the satisfactiocn of the prasef
conditions ard requirements is recessary the prasence of six pouring
floors; the mean delay time of the compositions before the stripping
isolation/evolution due tc the queue of 2.4 hcurs, the mean shutoff

period of the stripping isolaticnsevolution of 15,9 hours.
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The nuabering of the elements«d@lm of the sulsets of the separaticn

of aperesymseobewew a n- graduated tinary Cuba, by the linear form

realized.
L. A Huk%'ﬂ.

Lat on many I, apexes/vertexes of n-dimensional binary cube is

detersined the linear fors

'4

L]
L@, 5)=3 8,1, W

=1 . 4
Here vector a datermines form factors; X - variablesalternating
binary vector. Whan vector X passes set Z. fcra accepts sequenca G
of the values:

a-‘rb T eeer I‘.}, (.a)‘

In accordance vwith this fcram (1) realizes a separation of set I,

intoc the classes of equivalency &:

[ (l)
z.-gle.. %l % =0 EpE ssp,

Key: (V). with, itete each subset o is determined by the condition

Gy == r:_lLl (;o ;)-rl}-

In the article is placed the task: to indicate the principle o¢
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the single-valued numbering of the elements/cells of eack ¢£f the

subsets 9.,

Without th2 limitaticn of generality it is possible tc considar
that all coefficients 6, of forw (1) are different from zero aad are
arranged/located in the order

6,<a:<... <a,.
Us interests the éase vhen S<2* and e, - integers. The case, when
@, ars rational, sasily is reduced to the case of linear fc¢rm with

the vhole coefficients.
Page 121,

Algoritha 5f the deterainaticn of a2 number of apexes/vertaxes cé¢

subset 3.

Let us designate by syabol S$,(s,r.) a number of apexes/vertaxes

of subset &.

Assartion 1. the generating function of the sequence of numbers

8,(e, r.). (2G) takes the fors:

Po(z)= .1.1'_1(1 +2%) = i 8,@a, hzt, @

Rest,

vhere %= min {L,(a, x)},
zer,

y=max{L,(s, ).

‘ o VS PP L T Ty > N B 4=

Ao P Ao
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Proof follows directly fros the disclosure/expansion of fpreduct

n (1+x%).
swl

Let us consider procedure of the calculation of values S,(a,r.).

If »,30, then fuactcicn PF.(x) let us leave without the change; if

v, <0, then instsad of fuaction F,(x) let us consider oP,():

"D y(x) == xR o(x),
It is obvious,
Our= T(+2%9,
vhere .
o =lal
Let
. -
O (x)= 3 8.(a. J+ .
=
Since -
vuin)_§, £l
then Outx) 2:' ek
QY (x)=$(x) - Du().
Consequently,

P | '
outisz) = B[ LJo, 0a)- 211 |
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Page 122.
Hence
0 _ $10,00) 4a'*~"40)
(k+1 )“"‘"‘(Hm D /N =T ®

Let ¢,(x) be decomposed/extanded ir the Maclaurin series of the forna

$a(x) = 21.:'. (1.= —“(;-:‘l)

Since
k +l)(°)
S.(a +1+‘1) ==rr i (.+1" '

equality (3) determines fcllocwing recurrent fcrmula for sequence
s- (c-.'l) :
1 ¥ |
8@, k+1+4 )= ;+—,§S.(a. Ity . (@
J .
Thus, the calculaticn of a quantity of arexes/vertexes c¢f the

classes of equivalency is reduced tc determination 7, Let us pause

at the method of their determinaticn.

Since
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l 0. oRx g5te,—1 (mod o))
8y == . )
" (*1)[ "]'a.. B ¢=a,—1 (moda,),

Key: (1) . if.

then

oml

= -

Thus, the algorithm cf the ccnsecutive determinaticn of values
— A<<a<m)
S.(a,r.),Ais unambiguously determined and is rsalized according *o
recursion formula (4), vhere coefficients 71¢ are computed from

formula (5). let us note that S._G,r.)-b wvhen and only vhen AkgG.

Page 123.

Assertion 2. The algerithm of the calculation of values 8fa. 7.
makes it possible to describe all apexes/vartexas of set a&. In fact,
all elements of set % can Le decomposed intc tow types:
elements/cells with comronent %,=1 (number of them is equal to
8...1(5: r.—a,) and slements,/cells with componant =x,=0 (number of *henm

is equal to Se-1(@, r.). In this case

sl(;v ri) =sl—l(;o r.—a,) +8.—|(;. re). ()]
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This separation of set s it is possible to represent thus:

sl(;o Fe )
x=1 7\, x,=0

sl-l(a-' Fa—a,) Sa—t (a—, r. ).

Ao

\, Ve determine S,(a, r.—a,) and Sa(s, r.) *hrough recursion formula (4);
3 ve find tha values of ccmporents X, of all elements of set .
+ The analogous separation of sets Su(a, re —a,) and Ss-u(a, r.)
L]
*ﬁ according to recursion fecramula (6) classes elements of set 3 to the

subgroups on component Zsi. Purther, continuirg thus the process of 3

o N~

the separation of set %, we find all its apexes/vertexes.

As a whole the process of the separation of set o can b3

| depicted in the form of the binary graph/count:

C e mee I.EL'J___._M -
mllmmmma.
Key: (1) . Principle of the nuambering of elaments of sete

M i
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Lot  Zy=(fes Famtrorrs F8% . =1 2..., Seld, 7o)

%ge, =174 -

Value e U .
R o s SETERE S
ve will call the weight of this element cell
x,80, (i=1, 2, ..00 8.(@ 7). A1l elemerts cf set ¢ let us order by the
decrease of their weights
PI>P>e e Dby Gry

let us ascribe to each element/cell with a weight of p, reference

nuaber v(v=1,2,..., S.(a, r.)).

Lat us describe the algorith» of the datermination of

element/cell x,es, frecam its Freset nusber o

We will us2 recursion formula (6):
5.8, r.)=Su1(a, r. —a,) +8a1(a, 7).
Relatively components X, of unkncwr element/cell ;..=(x.. Xnisovey XTy)
with number o are possiltle twec cases:
2a=1, ein 0<%<Ss18, re' —a,); -
2,=0, ecan Su-y(a, r. —a.)<v§<8._‘(;. r.).
Key: (1). if.

Relatively components &Xs— Of unkncwn eleoment/cell %, with number

Vo are possibla the cases

Y |
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) -
xfp)x Xy=1: Xp-1=1, ecfx? 0<% <Ss-i0, re ~8,—Gux),

Xa1=0, ecft Sasla, r: —0,— Ga3)<%<
< Sa1(a, r. —a,);
l_l?n 2,=0; Zze=1, o2 Sai(@, re —a )< % <
< 8a-a(a, 7. — au-),
Xn-1=0, e@t Sn—oa, r. — as—) <\<

.-

3\;& ; "<S-'—z(;,r.) i

Key: (1), with. (2). if. (3). and sc forth.

Continuing this process, we find elemant cell ¥.€d%, ¢c which
earlier wvas conferred nusber w.
Lat us describe the algorithe cf the formation of the number of

this element/cell from set .

It is obvious, number v <c¢f the preset elament/cell consists
within the limits
C e - e (:
0KV S, (s, r L7
Page 125.

The unknown nuaber we will fipd by iterations vu va ..., v, by th2

consecutive use of recursion forpula (6) .
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First step/pitch of iteration. Depending on the value of
component x, of the element/cell ir questicn are possible two cases.
If x,=1, then element/cell x, Lelengs to set g, ,(@.r.—e,). Then the
unknown number consists within the limits

0< V<8 (@, 7e —a,).
In this case first apprcximation v, of number «+v we assume/3e%t by

equal to zero.

If z,=0, then element/cell =z, belongs toc set ._9._,(3, r) and its

number consists within the limits
Sai(@, re —6,)<V<S, (@, 7).
In this case first apprcyximation v{ of number v will be det2rmin=d
by value
w=8s (3, 7c —a,).

sacond stap/pitch cf iteraticn. Depending on the first or second
case of the previous iteration we realize respectiveiy a separaticn
of a number of eslements/cells §,(a,r.—a,) OT 3...,(2,}.)' ana #palogous
vith previous depending on the value of ccmponent X, vwe detérnine
the second approximation/apprcach ¢f number vy, if iy =1, then w=v;
if xseu=0, then ;,-v,-t-s..f(;,i), where

h {rc —6.—¢._;, “:(i‘n z.=]ﬁ
Te = Ba—y, l x. I(T

Key: (1). if. (2). and sc forth,
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1
i
{
Prccess is finished cn i iteration (1gigr), if many
elements/cells S, (s, ®) ccnsist cf cre element cell z., in gquestiorn

§

then unknovn number v is equal tc ¥ +1.
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Page 126.

USEAEPPELEXTEON OF COMPUTERS AND PETHODS OF PHREDICTION IN PROCRBSSES

OF SUPPLY.
B. Kh, Nurkhaydarov, Ye. A. Pil°*shchikov,

One of ths most important branches of the national econosy of
Kazakhstan is the systes of material and technmical supply, vhich
realizes systeaatic distribution of the production of
production-engineering designation/purpose and its bringing/finishing
from the supplier-enteprises to the user enterprises of all branchas
of material production.

¥he provisions of a majority of usars viéL material resources in
Kazakh SSR is made by a single systea of the crgans/controls of
material and technical supply - by principal administration of the
Council of Hinisters of Kazakh SSF on the material and techanical
supply (by Glavsnab { - HBain Supply Adainisration ) of Kazakh

SSR) .




DOC = 81024107 pace 47

Entire activity of the organs/controls of supply of the systes

of Glavsnab of Kazakh SSR can be decomposed into the following f

stages. |

1. Application operating'period in course of vhich is

revealed/detected necessity of rational economsy of Kazakhstan for

production of production-engipeering designmation/purpose (according

to nomsnclaturs of GOSSNABS { - State Supply] of USSR),

2. Obtaining pools and distribution to their users.

3. Obtaining from Union-Republic ministries and departaments of
notices about earmarked pools into material resources vith

nomenclature of Gosplan of the USSR,
4, Specification and schedule-order of pools.

S. Realization and check of realization of assigned production
both to snterprises and to bases UNTS; in necessary cases reception

of seasures for approxiasation/approach of delivery times.

6. Opsrational vork, vhich includes asseably of information and
repressntation in established/installed periods of data on

realization of pools according to predicated nomenclature, msthod of

o e "mmﬂmuamzmnmnu--II-II-lIIIllIIllIlIIIIIIIIIIIIIIIIIIIIIII‘
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further claiss fros enterprises and their guarantee, extraction of
further pools to snterprises and to organizations due to internal
resources/lifetismes and deceatralized paurchase, operational solution

of critical quastions concerning guarantee of serviced users.

Page 1 37.

Thus, control process of the supply (deliveries) of production

on broader scale consists of twc rhases:

a) the phase of planning/gliding (assembly of claias from the
users, the composition of compound claim, obtaining pools, their
distribution according to the users, the fastening of users to the
suppliers), realized with the periodicity of times in half a year src

block to the baginning of period being planned:;

b) the phase of operational control, which ensures the

resalization of ths initially cosprised plan/layout of deliveries.

Opsrational control enters in the operation during the detection
of deviations fros the fulfillaent of the plan of deliveries and
consists in the generation of the solutions, directed tovard the

elimination of the disturtances/breakdovns of the normal running of

deliveries to production.

T

!
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By most critical and labor-consuming control function supply is
the determination of necessity, The utilized at present sethods of
guaranteeing the necessity during the cosposition of the plan/layout
of the material and technical supfply of usars possess a nuaber 3f the
deficienciss/lacks, caused by the folloving reasons: users Cospose
claiss long before the beginning ¢f period being planned without the
predicated plan/layout of producticn for the following year:
necessities ars overstated in view of the late introduction of
changes of the norms of comsumspticn into the card index of standari

economy or consciously; users represent cliias late.

Thus, the comprised in the agpropriate levels of the system of
Glavsnab compound claims of the users of rsgion (republic) do not
reflect real nscessity. in this case the calculated necessity

considerably differs fros actual desand.

At the stage of the determination of the specified necessity
taking into account the earmarked fools also appear large
difficulties because many users send specification vwith the large
delay or coapletely do not send. Thus, at the level of bases in
similar situations it is necessary to realize a prediction/forescast

of the specifiel nacessity for the saterials by the aethod of an
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increase in the necessity of last year by 10-150/0, which umawvoidably
leads to the esrrors and, therefore, to the further vork onm the

eliaipation of the emergent ncmconforaity.

The difficulties indicated lead to the need for using methods of
the short tera predictiom, vhich bave the relatively simple structure
of model and at the same time vhich make it possible to obtain the
reliable and sufficiently accurate results of the forecast of the

nocdssity for material resources.
Page 128,

In this case it proves to be necessary to develop/process the
methods, which ensure the consecutive updating of the forecastsd
characteristics taking into account the obtained deviations of the

prediction/forecast of the necessity fros the actual realization for

'thc period, which precedes that planﬁed/qlidod.

Bf very promising in this direction is use/application in the
control the processes of the supply of the methods, worked out inm the
theory of the optimus control systeas. Thus, for instance, analogoas
vith systeas with the accusulation of iaformation about object [ 1] in

control systea by material and technical supply it is possible to

observe the "prehistory® of the process of supply on the basis >f the

e o
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analysis of ths available statistical account during the past
periods, which will make it possible to more accurately consider the
future values of the characteristics of this process, to replace the
a priori probability distributicns of characteristics with a
posteriori ones and to sake the best decisions in the beginning of

each period being planned.

Furthermoras, in control system by material and technical supply,
vhich is characterized by the alternating phases of planning/glidiag
and operational control, it is desirablz to even at the stage of
planning/gliding take into account the dynamics of production on the
supplier~-enteprises and the dynamics of the consumption of
resources/lifetines by users in order to> dscrease in the certain
degrse the loal on the system of cperational conttol,xs;nco the
account of thess changes will make it possible to considerably reduce
the probability of the appearance of disturbamces/perturbations in

the -ode/conditibns of operational control,

Lat us introduce some designations. Let ¢;; - quantity of secrvice
1ife of the i form, expended per unit time in accordance with the
plan/layout of production and the noras of consusption, i=}, ..., N}
§=1, «eeo P. Then the integral curve of the ccnsuaption of the
service life of the i form by certain set of user enterprises (for

example, branch, region or of republic as a wvhole)
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p ¢
2= [ofas. 1=1.2,.... N, o
=19

moreover at the snd of the planned period (0, T) must be satisfied
the condition

,‘(T)*Ah i‘l, 20 ceey N.
vhere A, - output of the i form, assigned to the users of the

specific brasch, resgiom o:vropublic.
Page 129,

Thus, for the execution by the users of plan/layoat up to
moment/torque t suppliers must place not less %(f) the units of
output of each foras (i=1, 2, ..., N). In actueality somstimes occur
delays and disruptions/separations of the plan/layout of deliveries
due to the disturbances/perturbaticns in the system of saterial ani
technical supply (breakdown of aggregates,units on the suppliec
plant, changes of progras or gecessity of coasuser plant, etc.). For
the force of thise reasons the actual curve of necessity o,(1) differs
fros the planned conditions of use 7(f) and it is certain randon

function of tims.

Pigurs shovs the sequence of the valuss of the realization of

randoa function a at the particular moments of time, deterained on
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the basis of tha data of statistical account about the deliveries to

production by the increasing result.

Let us consider certain econcsic process E(t), under which, in
particular, it is possible to understand the process of consuaption
at the level of individual enterprises, production associatioas,
branches, econoaic regions or of republics.

Let it be process ((f)=f,, changing discrete in the time, it is

deterasined by the relationmship/ratio
Ag'-E‘Q‘—Eh ‘-ov 1' seey To ' (2)

Taking into accouant such economic characteristics, as the indices of
the rates of growth ‘._&:_ and the increase ; - :_5', let us present

relationship/ratio (2) im the fors

=ik, tw0, 1, ..., T, t)

. o e
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Page 130,

The solution of squation (3) for any soment t under the preset
initial conditions (2,5, ty) is determined by the foramula
t—1 i
3 =[ (144 ]E.,= ( i) 0
[T ) =g

vhere f‘? 1+ ‘4‘.

Ia the cass of the integral curve of the consuamption of

resource/lifetise it is logical to assuse that 0< i, <1

Virtually acceptable with this approach is the evaluation of the
fature values of demand (necessity) according to the predicted data
of the rates of iacrease in the necessity, detsrained on the basis of

the statistical analysis of inforsation during the past periods.
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Let us considsr another approach t> obtaining of the evaluation
of the possible versions of the development of the necessity, based
on the representation of the trajectory of process £(t) in the fors
of the sum of ragular component and the randoa process. Then for each
particular moment of tinse ti(i=1,2,...,n) ve have

Wt )=t )+(t), 1=1.....m, ®

vhers () - value of the trend of process E(t) at moment/torque f:

nt;)-- the value of the realization of the randoam component of process

at soment/torqus f.

Random coaponsant 7¥) can be considered as stationary randoa
process vith mathematical expectation M[n(f)]=const, by dispersionm
oy}(#)=const and correlation function R.(f), f3)= R,(x). Without the
limitation of ganecality it is possible to assume M{nit)]=0. We

consider also that the cosponent &9 (t) can be presented in the fora

No=Zetin T ®

vhere a; - unkndwn paraseters vhich-lnst be deterained,

/() - the presst sequence of tbe linearly independeant functions, for

vhich is decoaposed/expanded regular coasponent.

In gensral foca the task of detersiniag the necessity for the

folloving period can be formulated thus. Let be knova the dynamics of
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the process of -onsumption &(t) during the past periods:

m'”’ ‘-10 z’ LER X .

Page 131,

It is necessary to give the evaluation of demand Yepi=t(tx+) at
noment/torque la+1=fy+7% (o - the time of pravcntioh/advance).
Forecasted valua fx+:1 depends on mcments/torques 7 (i=1, ..., n) and
from previously measured values %.i=1l,...,n, i.e.

b=l G e, b5 By il B, Tasa),
Under the assuaption (5) by most advisable ones is considered the
approach, based on the use of methcds of the cptimum filtration of

randoa processes and sequences.

In our casa the task consists in the isolation/evolution of
reqular componsnt £9(t) from random 1(t), {.8., 1f is preset sequencs
in the form of the discrete/digital faalization of the additive
random process E(t), which satisfies conditions (S5) and (6), then it
is required to filter out sequence g(,),i=0,1,...,n at the moment of
time tss1==t,+7v then so that the dispersion 6’x+1 of evaluation
m|¥ts+1)] would be minimum. By the methods of the theory of the
filtration of random processes (sequencas) [2] it is possible to
deteraine the svaluations of the characteristics or process & (t) at

aosent/torgque fas.
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Lst us register evaluation E(tas1) in the form
»
Ktaer)= 2, 64t 0 )
] ! .
vhere weight coefficients % are found from conditions the

nondisplaceasent of the evaluation

umt.¢m=md§c&(m}= Ea.!'(t.) Ned @

I A V.1 SRRt ]

and of thn liniln- of the dispersion

ML - };" Follati Y
a...snam..o ) ZZM:W: —1)  ®
It is possible to show that the determination o5f optimum weights 4

is reduced to the task of minimization (9) during the limitations
. — 3
T ftasr) = z‘hf Aed
i 1 .t {a®

X T T N N

Page 132.

With the halp of the method of Lagrange’s indefinite multipliers
the extreme task indicated is reduced to the solution of the systen
of the linsar aquations relatively (n¢1) of coefficients 3 and m of
undetersined cosfficients )

ZalR(tl—t/)— zlnfh(t1)=0
[ ] Resi (11)

o dt) =1 tess), (J=0,1.....0; k=1,...,m).
=]

The dispersion of optismum evaluation we find through formula (9).
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Thus, on the basis of the statistical analysis of inforasation
about the development of the pecessity in the past and for the
pressnt is determined the trend of its development in the foram of
function (6) taking into account the obtained values of parameters

a; and is computed the value of demand vhen f«+1. %

The methods of the optimum filtration, which ensure the smallest !

variance of error, require the calculation of nev weight coefficients

for each point 52f realization. Furthermore, for guaranteeing a

sufficient correctness of forecast at the preset length of

(.
et g =

discrete/digital realization can arise need in an increase in the

frequency of the observation of process (for exaample, monthly or

every ten days obtaining of summaries about iha realization of

deliveriss), vhich leads to an increase in the volume of information.

The solation of these probless is possible only in the presence of
poverful/thick computational means (VTs of highest category at the

level of central boards and single territoriat administrations ). On

the bases and territorial administrations, vhich have the liaited
copputational power, it is expedient to use siapler (although are the

less exact) methods of processing. To thea can be attributed the

nethods of the slipping average, linear presdictor, exponential i
smoothing (Braun's method) (3, 4], expert svaluations (5]. The }
required accuracy the evaluations of the paraseters, and also the }

storage capacity and the high sreed of computers deteraine the
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selection of on2 or the other methcd.

However, the methods of prediction cannot ensure the required
accuracy and reliability in the determination of demand for the
sufficiently prolorged periods due to the random factors, which
appear in the systea of supply and which lead to the
uncertainty/indatersinancy in the prediction/forecast. PFurthersore,
information analysis according to a small number of observatioas does
not make it possible to determive the effect of all these factocrs.

puring the subsequent period can enter the operation also the
concsaled/latent previously factors, which to a considerable extent
affect the development of demand and the raflecting specific

shifts/shears in structure of consumption.

Page 133,

Thus, for instance, appearance of nev users, change in the program of
production in some enterprises and so forth lead to the need for
making more precise and correcting the plan/layout, comprised in the

previous stage 3f planning/gliding.

The greatest sffect in the guarantse of connecting/fitting the

progras of production with the necessities for it all over the
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specified nomenclature can be achieved/reached in the case wvhen is
realizad control of the process of supply (updating plan/layout} on
the basis of making decisions in the beginning of period being

\‘»* planned (block, month) during the detection of the comsiderable

deviations of actual necessity from the results of the forecast,

If in the stage of prediction is solved a gquestion about that,
vhat precisely versions cof the trajectories of the future developaent
of demand are assential and are subject to calculation (in the linmits
of confidence limits with the interval 2A; see Fig.), then selection
and realization of the best trajectory of the developasent of deaand
(in accordance with the selected criterion of optimus character and

; the limitations) can be realized with the help of the multistage
process Of making decisions, which smakes it possible to carry out
o updating prediction/forecast taking into account to the curreant
information about the deviations in the beginning of each period or

vithin it throujh the fixed/recorded time intecvals.

Assembly, processing and continuous accusulation of the required
information, and also the solution on its basis of the coamplex of the
tasks of control of supply (among other things of tasks of
forecasting of necessity and periodic correction of the comprised
plan/layout of supply) camnot be realized without the use of

coaaunications and coaputer the efficiency of functioming of which

LJ Lk B MRS~
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sharply grows upon their inclusion into the outline of ASU of the
corresponding lavels and components/links of the systeam of Glavsaab

. of KazSSR.

. Lat us pass to the construction of the model of the multistage
process of making planning decisions in the centrol of supply. Ve

N consider that the systes of supply has available the specific

‘f guantity of service lives in the form of reserve (supply) in order to

: have the capability at sose acaents of time €0, T), i=0, 1, ceo, S=-1

‘ to realize a correction of the plan/layout of supply, allotting to

users further pools in the decentralized order.

Lat us designate through ;-4uh...,u,) the vector of control:;
componsnts u4; ars the control pressures (value of the §{ form of
‘ resource/lifetise, isolated from the reserve), vhich ensure the
correction of the vector of consusption 35( €0 eee fy), ¥ - quantity
of foras of the distributed producti&n. A number of components of the
vector of contrsl can be less than N, if wve take into account the

interchangeability of some forms c¢f production.
Page 138,

Let to tha control be is superimposed the lisitation in the foras

sel@m. . v a2
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Physically this means that the supplies cannot be unlimited. The

optimum selection of boundaries of the region n(i') is given below.

Then trajectory of the process of supply (consumption curve)
taking into account to the possibility of updating can be described

by certain systaa of the differential egquations

-.
—-— >ty

=G u, v, t). (13)
Here f=(fi, ....fu). moreover /+ - in gensral nonlipear functioas

from §, 4 n and t; n=( ..., ny) =~ vector of disturbances/perturbations

vhose conpdnents Mt are random processes.

For our purposes to conveniently examine process at the
particular moaents of time #;:(i=0,1,...,8):; Then the controlled object
is described by the systems of nonlinear difference equations in tha

vector fora
{ep+n=-f(em. uixl AAL (¥D, - (14)
A=0,1,..., 81, '

As the refsrence :I.nput. ve ni‘ll exasine f‘(t)-(ﬁ,‘. cessin® - the
vector function of the "full/total/completa”™ satisfaction of
necessities, i.a., the function, which reflects the real necessity of
joint user. let us note that I {%#) - in general can be the randonm,
unknown praviously vector function of time. In this case }ep ve
count the reprassented in the forms sum of two components; regular

function E,'(t) and stationary randoam process ?,
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Then as one of the possible represantations of the criterion >¢
optinum charactar can serve the functional, which is the sathematical
expectation of certain prisary criterion Q,:

Q= MiQ,E &, u, n.t))=S @u(E E, 5, % NP, G5)

alie XS

.- S ',““—,- &7 ~;,/‘ =

e )

vhers Q(;) - rangs of change in the vector of

disturbances/perturbations n;

P(n) - the probability demsity of random vecter y;

Q=R(%(1) — &t. u(en)

(R - certain convex function).

In the discrete/digital case ve have
Q= M{R@Tk]—&r, ulAID]. (16)

Task consists of the determimation of such strategy of coatrol
with which phase coordinates (i &, ...,%y) and control pressures
(@, ...,uy) would satisfy limitations, and preset criteriom (16)
reached the minisusm. The posed above probleas bhas two special
features/peculiarities, The first lies in the fact that ve should
previously plan the size/dimension ¢f the supplies, utilized

subsequently in the process of updating the level of dsmand.

M kb e s e

RV oI
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The second, chief characteristic of task consists in the
insufficiency of initial (a priori) informaticn relative to some
parameters, entering the criterion of optimum character, or means 5f
probability distribution for disturtance/perturbation ;@L If the
type of the distribution of randos frocess is preset, then can be
unknown the parameters of this distribution (everyone . ctheir part),
and also equation of the controlled object, i.e., function /i ¥ithin
the framework of the classical theory of optisum systeas this task is
irresolvable anl the way of its solution lies/rests at the enlistasnt
of adaptive approach [6, 1], which consists in the simultaneous study
of objsct and the controllof it. In this situation the coatrol
pressures carry dual character, since they serve not only for
studying the object, but also for its rasduction to the required

state,

The solution of problea is divided/marked off into two basic

stages.

Detersination of limitations to control W let be known integral
curve admissions of the productions of i fora %:(®) (i=1,...,N) from the
supplisr, vhich can be determined on ths basis of prediction/forecast
or information about the schedule chart of the deliveries, vorked out

Let
by supplier. A %(?) - integral curves of necassities, calculated, for

sxasmple, vith the help of the methods of prediction.
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As a result of the incomplete agresment cf graphs ¢(t) and ¢(?)

in the time products delivery to users vill be delayed to certain

value 2.

Page 135,

This delay in the fulfillsent of plan is equal to
e=max(s;, 0), 17)

1<i<N

vhere ¢, - minisum delay, caused by the absence of the necessary
output of the i form. If functions ¢ and §;, are preset in analytical
fora, then value & is found (7] fros the aguation

edt(s)—¢]— 9 [2(s)]=0, (=1, 2,..., N). 18)
Here 2(c,) 4indicates the moment/tcrque of time t, vith wvhich function

p(t—¢)—$:1(1). reaches maximunm,

puring the graphic assignment of carves () and ¢,(t) minimsum
is easily deterained by the simple shift/shear of graph %(!) aloag

axis t.

s consider that the order of output does not vary. In this case
so that the ussrs would avoid considerable losses F(e) in the case of

the delay of delivery time, it is expedient to have supplies
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according to esach I fore of production (i=1, 2, ..., N).

Knowing ¥:(t), taking into account supplies, and also #(!) ve
detersine vith the help of (18) delay &(u,) ia the form of

monotonically decreasing functicn from &,

Thus, task consists in detersination u,°20, of those minimizing
the total losses v
R=Flmax e (u)]+ J e as9)
l¢icnw fenl -
(¢c;- expenditurs for creatioa and storage of the unit of output of

the 1 form).

The algoritha of the solution of this problem makes it possible
to obtain the evaluations of 1lisits {u® (i=1,2, ..., N) of the
peraissible rangse of change in the control pressures, in this case
the error ian the deteramination of these values depends on the
accuracy of ths results of the forecast of curve 9. 1?unltistage
process of making adaptive type decisions. For the digital processes
of foram (14) in general the soluticn of the task, which consists in
the minimization of the function of criterion (16) taking into
account the restrictions placed op control pressures u(=(u’....,u")

'Z-lu.'<u;‘. (i=1,..., N) (20)
presents consida:abf:adifticnltios.

T S TR S P
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Therefore it is expedient to do a series/rov of the simplifying

assumptions relative to scdel (14), (16), (20).

¥e will consider that the structure of functions /. is known and
phase coordinates h. do not depend on the variables/alternating for
vhich 3#4 (1, j=1, 2, «<es H). Then relationship/ratio (14) can be

presented in the fora

Glh+1)=1 (ELr) u k). ndkD,
¢=1....N; k=0,1.....S—1). @)
Lovering index i, it is possible to register dependence (21)

symbolically in the fora of operator P, i.e., in the form of certain
stochastic conversion, which describes the tramsition of systes fros
one discretes/digital state to another, namely

Err=F( ty 1), £=0,1,.... S—1. 22)
Here Ey=c ~ initial state of systea, ": - independent randoa
quantities ;ith the known type of the functiona of distributios dG(n),
but with the unknown paraseters. Por oxaiplo. if » are subordinated
to the normal lav of distribution, then by the unknown parameters

thers can be tha mathematical expectation a and dispersion ¢2.

rurthermore, at each moment of time k (k=0, 1, ¢ee, S-1) tOo us
is knovn only svaluation ég of regular component of process §, of

that obtained on the basis of prediction/forecast.




DOC = 81024107 pace 38

If ve consider &(t) process additive and represeanted in the fora
{(S), then at eazh step/ﬁitch of making decision ve have tvo unkaown
paraaseters £} and oin,). since comstant m(y, )0 can be

included/connected in regular coaponent £9(t).

The criterion of optimum character (16), connected vith the

. aultistage procsss of smaking decisicns, let us preseant ia the fora
G -1

Q= M{Rs} = M{J ry(ts v, 1), (23)

: Aw0

é At the first step/pitch as the a priori informatioa ve have a

distribution dG(n). Having available the systesatic procedure of the
nodification of this a priori function of the distribution (for
example, realizing a prediction/forecast of the parameters on the
basis of analysis and inforsation processing about the past and
present), ve can at the following step/pitch cbtain the nev function
of distribution dG«W) =T(n, ¢, 8i M. G)» vhich depends on the previous
function of distribution 6, fros value ™, of that obtained from the
observations, froa the initial state &,zc, nev state Li=PFl(c,u,n) and

solution u,.

Page 138,

Let fs(c, G) - mathematical expectation Rs,obtained with the
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optisal strategy, initiated ip the state (c, G, them on the basis of
the principle 5f Bellasan's optisus character cbtain the following

functiomal equatjioa:

i

b fs e, G) = mini {{re, uy. 1) + Famy (Pe, 1. 7). GIIX ;
[ SR C

| x dG(m)) (24)

| for all s5)2; for S=1

' : fic.G)= min( j e, uy, WMG(7y)) (25)

As the prozsdure of the scdification of a priori inforaation it

|
g ‘ is possible to use other sethcds, for exasple known in the !
probability theory bayes®' formsula. !

}

I

Thus, vork shovs the possibility of using the adaptive approach

vith the solutison of the probless of planning/gliding and management

} of the process >f the supply, vhich makes it possible to be rejectad
(in full or in part) from the existing msethods of planning/qgliding

(determination of cospound necessity via the asseably o0f clajiss fros

the users) and 5f ssployee by instrusent for the consecutive
i evaluation and the correction of the paramsters of the developasent of
i the necessity wvithin the interval [0, T] for the process of saking
[ decisions under conditicns of incceaplets information.
J
The model 3zxamined is solved vith the help of the methods of the

funct ional equations of dynasic prograssing. Isportant aosmeat tocque

is use at the higher levels of control of the supply of the seans of

P
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computer technology, vhich make it possible to accumulate and to
operationally treat the considerable volumes of statistical
information, vhich becomes in principle irresolvable task during the
time constraints of the solution without the use by computers and

ASUO,

This material makes it possible to plan the directions of

further vorks in this region.

Page 139,

REFPERENCES

1. Pearzbaym A. A. OCNOBM TOODEN OOTEMANLEMX SREOMATEHS-
ckxx cmeress. M., Oxsuarrms, 1963,

2. Buaenxun C fl. CraTHCTHUGCKRS MOTUMM NCCASAOBANNE CHCTEM
APTOMATENOCROrO pery/mposanns. M., «Conercros paxwos, 1967,

3. Cunpuos A. [I. Mogeauposaiise X NPOrNOSMPOBANNE COLNANMCTE-
gYecxoro socnpoMasoscraa. M., «Jxomomuxas, 1970,

4. Hoswxosa C. JI. IXOROMAKO-MATEMATHYECKEE MOACNR NPOrmcam-
po;aluxu COpPOCA Ha CPeACTSa npomasoncTsa. (O6aopman umrdopmanmsa). M.,
1971, .

5. Taymxos B. M. O nporaoanposanum ma OCHOBE PRCNEPTHMX ONS-
nox. «Kunbepueruxas, 1969, Nb 2.

6.92::111 & a m P. JIponeccu peryamposanms ¢ azantansed. M., «Hay-
xas, 1 .

7. Bypxos B. H, Hypxafizapos B. X. Hsxovopue sazavn
CHCYOMM MATODEARAGHO-TOXENYOCKOro CRACMONMSE, pemaenhie Na OCHODS
ACY. Tesncu goxnaza ua XIV mayunold xonpepenuun MOTH, 1968,

A s ke A A e e

S s  ————————— . SO+ Tpt T

i




DOC = 81028107 PAGE 3‘“

Page 140,

One numeration systea with the recurrently deterained waights !,

POOTNOTE !. Work is carried out under I. Ya. Akushskiy's

manageaent/manual. ENDFOOTNOTE.

I. T. Pak, A. D. Kharlip.

Despite tha fact that the rositional methods of representation
of nusbers vith the natural veights of digits and close to them
systens have a series/rov of obvicus advantages, at present are
continued the searches for the nev methods of representation of the
nusbers which would make it possible to achieve one or the other

advantagés during the constructicno of machine arithaetic.

Vhen selecting of the bases (veights) of numeration systea
arises interesting question. Is it possible so to select bases in
order to decoampdse numbers into the groups of digits and during this
separation during the addition it would not be the transfer froa the
group into the group? Apparently, the possibility of this separation

is concealsd in ths ambiguity of the representarion of a nuaber in

this systea, wvhich is determining by the concrete/specific/actual
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propertias of basas.

Lat us consider the nondecreasing sequences of natural numbers

{xl} 'ith x‘=1 P

According to Hoggatu and King [1], the sequence of positive
integers {xi} is called full/total/cosplete, if each natural number n
has a representation in the fors

N
nsz i1 x5,

vhere c€{0,1}, N - sufficiently large.

Hence it is apparent that if we should present amy natural
number n in the form of the sum of diffarent seabers vith
coefficients ¢ of certain preassigned sequence {*i}. thenthis is

possible only if this sequence is full /total/coaplete.

Is known thesorsa [ 2}, which gives necessary and sufficient

because of completeness of arbitrary sequences.

Theorea. Lat {xi; be the nondecreasing sequence of positive

integers with x,=1,

Page 141,
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Sequence {;} will be full/total/complete whan and only vhen is
satisfied the condition
Xpa < 1+2:xh p=12,... 1)
During tha coastruction of numeration system with the artificial

veights the sequence of weights {r} necessarily must satisfy condition

(M. .

It should be aoted that condition (1), guaranteeing the
possibility of using the sequence for the representation, yet does
not guarantee the uniqueness of this representation. the conventional
nuaeration systeas use as the sequence of veights geometric
progressions vith different dencminators. It is not difficult to
ascertain that they all satisfy ccndition (1), vhich for thes takes
the form

Zpn=1+ Soxi, p=1,2.... @
The transition of condition (1) under condition (2) is the basis of
the fact of ths unigqueness of the representation of ambers in the

ordinary binary number systesn.

In general with execution (1) the uniqueness of representation
is broken; however, questions of the evaluation of a nuaber of
repressntations for the arbitrary full,total/complete sequences are
vorked out still iasufficiently. There is only a series/row of

results for the concrete/specifics/actual ssquences, for example for
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the sequences of Fibonacci and Llyuk {3, 8).

Does arise quastion, it is not possible to use the
full/total/completes sequences, which possess the property of the
nonuniqueness of representation, for simplification in sowme

operations.

In this article is done the atteampt to use nonuniqueness of
represantation for the construction of the positional numeration
systas, vhich possesses the properties, close to the properties of
the nonpositional numeration systeam. In particular, is done the
atteapt to attain the independence of operaticn with the addition

vwith the groups of digits.

In this directiop it seeas to us natural to use as the sequence
of artificial weights such full/tctal/coaplete sequences which remain
full/total/coaplete after the drogping of thea of certain number of
terss. It is obvious that such sequences exist, but not of any
full/total/complate sequence it is possible tc recede, wvithout
breaking its completeness, any nusber of terams. Thus, for instance
Fibonacci's, sequence ceases to be full/total /complete after the

omission from it of two arbitrary eeambers [5].

Page 142,

i
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Lat us construct the concrete/specific/actual

full/total/conplete sequence, vhich possesses the properties

indicated abova:
{..., 460, 273,[187,115, 72, 43,29], 18, 11, 7,[4],3, 1, 2). (3)

It is ieterminel from the following recurrent rslationships/ratios:

n=2, x=l,
Xaa—1=X 43—2+'x(n—l'

Xin=Tdn—1TXda—2,

Xan+1= E:n—lxh"*-lo .k#av t=1’ 2' csey

Xin—2=Xan—3+Zyn—) .

The special feature/peculiarity of the ccenstruction of sequence
(3) consists in the fact that the dropping of it of each fourth tara

does not break its completeness.

{..., 738, 460, 273 (] 115, 72, 43018, 11, 708, 1,2). 4

Let us name sequence (4) in contrast to sequence (3) sequesace
vith the "vindows®, and each set of three of teras, arranged/located

between (k-1) ~-th and the k window - by k triad.

Let us demonstrate the completeness of sequence (#). Por this it
suffices to establish that for any term of it is satisfied the

condition (1). Sequence (4) can be constructed without depending on
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sequance (3) according to the forsulas

. &.‘.z'i.akl;'" ' '.ﬂh ’”N..:
T A

2n+1‘=z zri-l. N

~

x—&“ 1\: r:“gugjsk
froa foraulas (5) 1t is possiblo to obtain the following
D e B e
."lh-u - 2‘)?:‘!. e

24 2,.__12. +1

v

relationships/ratios:

Page 143,

Thus, condition (1) is satisfied for all elesments/cells of sequencs

(3) .

Ssequences (3) and (4) subsequently are ussd by us as the bases

of binary nusmber systesa.

Under the range of the representation of nusbers in this systea,
as usuzl, ve will understand a quantity of different nuaders wvhich
can be represented in this systes. Thus, if ve take as the artificial
veights for the representation of numbers n of the members of
sequance (3), then range will be equal to the sus of these n of

teras, This sum vill be that quantity of different nusbers vhich we
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can present in the preset range. It is logical that ducing the use as
the veights of sequence (4), the range of the representation of

nuebers is reduced by the sum of sesbers wvith the numbers 4n.

The repres2ntation of numbers in numeration system vith weights
(3) ve will call surplus representation, and in numeration systes

with vweights (n) - normalized.

Lat us consider the operation of addition. The additiom of any
tvo numbers, vhich have the normalized representation, can be led

vith the help of the given tables of triad addition.

Table 1 is used for addiag the numbers, represented in the rangs
of the first triad. Table 2 gives the results of adding those nuabers
vhich are already represented in the range of the first and second
triads (the first triad consisting of 2aro), and also with the help

of any n of the triads, the first n-1 of which consist of zero.
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Table 1.

.+'{ 0| oon| wo| o| 11| m
{o0 |-om] 100| 110} 10| 1| 1100
jonr | 20| wo| 01| 11| moo| 1110

1o Y r01| 111|100 | 10| um| nn
101 | 111 f1x00 | 1120 | 1200 | 1111 | 12000

: "9:;1@1-“ '%m.iﬁn 11000 | 11010

Py

- Page 134,

‘ Prom the tables it is evident that the results of addition are

' obtained in excess representation., Therefore the operation of
addition must be realized into tvo stages. Through the table we at
first find sua in surplus representation, then ve translate it into

the norsalized representation by normsalization.

Example. T> sum nusbers 150 and 64,

115 72 43[29( 18 11 7[43 1 2 S ) D—

100 110 111 —150
0 01 1 00 100 — 64

101110001101 — Pyasrar » maburoumon
— ~ ACTABIeHHH

110 1 01 001 — ASTAT B HOPMAJN30-
BANHOM HDPeACTARNCRER

Key: (1). the bases of systea. (2). result in surplus representation.

(3) . Toasult in normalized representation.
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A process of norsalization can be carried out with the

the series/rov >f the further forsulas:

Zin +1=Z -1t Zan-11 2T 4u 3

Xinr1=X4n+Xan—1TZXun—1) »
-1

2x4n+1=Xan+3t+ 2x4-+p-u +Zs,
j=1

2% 4a-1=Xn-1+ X 4ot Xia -,

2X 401" X an—1+X4n—t+Lin—s.

help of
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Table 2.
+ oot o0 | w00 1] mo| m
oo | 1001 | 100 | 101| 1| 1 | 11008
010 | 100

l
1i i 110 | 11 |-1010 | 1100
| 1 !1100I | 1100 \ 11101

101 |111i 111 [1100i ]110fi [ 1101 ] 11

l
|
100 | 101 | 110
|
f

110 f 1 |1000 | 100| no1 | 1m0} un

11 | 1100 | 1100 ‘1110i |1111i 111 | 11000

Page a5,

It is possible to propose another method of normalization which

easily is realized on the cosputers.

We find all representations of zero in the ternary systes in the
preset s-band the use as the bases of sequence (3), and as the
bases/bases { 1, 0, -1 }. Among theam alvays vill be located such
reprasantations, which during the addition with surplus

representation 5f a number give its norsalized representatoa.
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Page 146.
One model of compression, realized on the computers of the typ=2 M-20.
I. T. Pak, V. V. Satsuk.

In the previously putlished work ! was examined a questicn about
the ccapression of the nurerical information, organized by its

storage in the form of latel cn thke positional ruler.

POOTNOTE 3, I. Ya, Akushskiy, 1. T. Pak. To a question of the
organization of storage devicessequipwent TsVM on the princirls of
the compression of infcrmaticn. "Pulletin of AS of KazSSR, series

physico-mathematical"®, 1971, No 5. ENDFOOTNOTE.

Using this idea based on the examgle of the multiplication of
matrices/dies 54x54, constructed rcdel the coempressicns of
information for the realizaticn cr computers cf the type 4-20. 4i¢h
the ordinary mathod only for stering the initial and resul%ing

information it is necessary tc expend 3x542=8748 45 bi+ information
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words, which exceeds the fpossibility of tha wcrking storage cf

computers of ths type M-20.

as the basis of model are assumed the procedures, named by us
the "scale" and the "search" whcse rlock diagrams are giver in
figqures 1 and 2. Procedures "scale" and "search" ensure the
dispatching of numbers to the pcsitional ruler, sample of it ani
readdrassing in the address part c¢f the program after each change the

numbers of label on the pcsiticpal ruler.

Description of algorithm. let us isolate for organizing th=2
®"position stocrage™ of h 4S-bit ipfcrmation words. Since we will use
vith positive and negative numbers, then numbers of initial and
resulting information must satisfy the condition

|zul <45 XA).
vhere £=1,2,3,... ,B8748 - total gquantity of numbers, which are

brought in to the positicnal ruler.
Page 147,
Entering the positicpal ruler number o is designated k and p;

k indicates the nuaber of instruction, and p - address, in which will

be preserved the number cf nusber <Xw. The variable/alterna*ting i

(Pig. 2), passing value from -1,2 (uSXh) to +1/2 (45%h), it




5
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deteraines the nuaber of onuaber X depeniing on the values of
values, previously come pcsitior rular, aftar this cccurs the

full/total/complete or pertial repusbering of th2 previn:3 values,

The restoration/reduction ¢f nuamber x, cccurs as follcws. 3¢ing
converted to the procedure¢ "search™ (Fig., 1), we are given index ¢,
which indicates the numter of instructicn, and the index y, which

indicates the number of address.
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[eea (093, s, 34)] [maossamnarssay] [aaaoss,tin,rrsn,2) |

[ xoa (043,7750,2.2) | f*“(“’ﬂ”"‘v‘ﬂ r""‘(""-“"szl

[ xaaioor,z2,3) ) [ raawozne) | [ xoa(o01,2,0.2) |

Pig. 1. Block diagrae of rrocedure "search (f, y, R1)".

Key: (1). on.

Page 148,

Then ve form/shape number 2z, which is determining the numbter of

number %s» and on the pcsiticnal ruler ve frorm left to righ* see2k z-y
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bits, not equal to zero. Value *m' is defined as the sum of za2-c arnl

single digits.

The multiplication cf matricess/dies occurs as follows. Each lin:
of initial matrix/die elerentwise with ¢he help of the procedur:
“scale" is placed in the positicn ruler. After this with the h2lp of
the procedure "search"® is,conductedAthe sample of equivalent
components of matrices/dies fcr the formation of the elsments/cells

of the resulting matrix/die.
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SA0K NPEOGPASOBANNS uHCAA ,C° B
KONCTAMTY 4 SCHUIKA 3TOH KOHCTAN -
Te 8 COOTBETCTBWOWMM AQPEC_P°
) PAGONED NPOTPAMP ')

;

SNOK BMAENEWHS ALPECHMNX UACTEW
NPOrPArMM W NPEOBPASOBAHKA UX

M (2)
-

" §AOK MEPEAAPECALIM

SASK DPLOGPAIOBMMS wtnd C' B KEMCTAWTY o
MCHIA ITON KOUCTNTN § COOTIETCTOMONISI '

nsrec P (‘)
@-‘M

Pig. 2. Block diagram of procedure "scale (x, k, p)".

Key: (1). Unit of converting the letter “c" into the constan* arnd the
dispatching of this constant in thle appropriate address "R" cf
vorking program. (2). unit of extraction of address parts of progranm

and their conversion into numters. (3). unit cf readdressing. (u4).

it i il i

e — A A it bt &

< 1 1A | R AW s T
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one. (5). unit of converting numkter s "" into constant and discta*ching

of this constant in apprecgriate address ¥wrw,
Page 149,

The formed line of the resulting matrix/di= with ¢*he hzlp of the

procedure "scale®” is placed in the position rulzr.

All elements/cells of three ratrices/dies can be given out to
the printing with the helpr of the procedurs "sszarch" and are us2d for

further operations.

In the wmodal as the digit ¢f pcsition stcrage is used
full/total/conpleta infcrraticn wecrd, In spite of this, for th:

realizaticn of algorithm were required only 3100 information woris.
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SIMULATION OF THE RELIABILITY OF THE ELEMENTS OF EXCHANGE SYSTE%S BY

INPORMATION ON TSVM.
I. G. Pil'shchikova.

During the simulaticn of the processes of the functiocning of
exchange systems by data consideraltle effect cn the results proves to
be the account of the interacticn of environment and, in particular,
reliability of the functicning c¢f the elements of system. We have
exaanined the series/row of the imitation models qﬁ elements/cells,
vhich are restored in the interval of simulation, and the
communication na2tworks as a whole, which can serve as background for
the reproduction of transsittings of information taking into account

different methods of increasing the correctness.

Model 1 reflects the steady functioning cf the one-way channel
of communications without the redundancy. It considers the flcvws of
failures and restorations/reducticns of channel, and also the
intervals of its entrance intc the synchronisa after failures. In the
given in figure 1 graph/ccunt of transiticns the apexes/vertexss

correspond to the states c¢f thke ccorunication channa2l: apex/vertex 1
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- to state of raadiness fcr the transmission ¢f information,
apex/vartex 2 - to state of the failure of the communication channel
and apex/vartex 3 - to state cf pulling into step of the
restored/reducel communication channel, and edges/fins - to allowed
transitions A, y and 6 are the indices of failures,
restorations/reductions and ccnrection respectively and characterize

the reasons for transiticn of ore state to ancther.
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Pig. 1. Fig. 2.

Page 151,

The algorithm of the work cf model is represented on figurs 2.

It is based on the imitaticn of three parallel processes: the

production/consumption/generation of the moments/torques of failurss
2, restorations/reducticns 3 and termination of pulling intc step 4.
The enumerated units are crganized as random-rumber generators,
distributed according to the aprrcpriate laws., Tuner 1 defires
concretely *he parameters of the ccrmunicatior channel which must be

imitated.

Since the states of restcration/reduction and pulling into step
are nonoperativa for the channel, cccurs fixation of the %tim2
intervals of these states and is ccunted the coefficient of tha lack

of preparation (eaployment) of the channel of communication ({(unit S).

. L
A WO SN v B e e
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The work of model is limited to the assigned time of simulaticrn

tiom» analysis of which is produced ty unit 6.

The interpretation cf model in the languaga of SLANG-syst2am

12
"

given below.

Kazaz Ges pesepsa { /)
BEGIN
INTEGER TKOH, T, T1; 2)
REAL L1, L2, L3; FACILITY KAHAJI;
INPUT (TKOH, L1, L2, L3);
PROCESS OTKA3; BEGIN T: =EXPONENT (1/L1);
OUTPUT (L1, L2, L3, TKOH);
NEW OTKA3 TO N1; WAIT TKOH; STOP;
N1:=WAIT T; NEW BOCCT TO M 1; END;
PROCESS BOCCT; BEGIN CANCEL; M1: SEIZ AHAIJL;
WAIT W (1/L2); RELEASE KAHAJ;
NEW 110 \ « END; .
PROCESS IIOJKI 2BEGIN CANCEL; P1: T: =EXPONENT (1/L1);
T1: =EXPONENT (1/L3); SEIZE KAHAJ; (2
WAITIF T>T1 THEN T1 ET;
RELEASE KAHAN
IF T>T1 THEN TO N1
ml NEW BOCCT TO M1; END END

Key: (1). Channal without the reserve. (2). channel. (3). switck-on.

(4) . failure.

Model 2 imitates the steady functioning of the routing, which
contains to three channels with flcating redundancy: by 2/1, 1/1 an?
1 channel without the reserve. It is the more general-purpose

modification of tha model, examined earlier [ 3].

Model reproduces the independent flows of failures and
restorations/reductions of the corsmunication channels, and also ths

intervals of connection and pulling into step with the
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development/detection of nonogperative intervals and probability of

the lack cf preparation cf each of the communication channels.

The graph/count of transitiors with one channel without ths
reserve is analogous given abrve in the examiration of model 1. In
the case cf the simulaticp of direction with the version of
redundancy 1/1 graphs/ccunts cf transitions take the form,

represented in figure 3.
Page 152,

In this graph/count the apex/vertex 00 ccrresponds to the state
of the failure of two ccmounicaticn channels, 40 - to state when the
first channel entars into synchronism, the second - in the failure,
10 - the first channel ccnducts the transmission of informaticn, the
second in the state of failure, 12 - the first channel conducts
transmission, and the seccnd is ip the state cf readiness, 42 - the
first channel enters into the synchronism, the second in the state cf
readiness, 04 - first channel in the failure, the seccnd enter int>
synchronisa, 01 - first channel in the state c¢f failure, and on th»2
sacond is ccnducted the trarsmissicn c¢f information, 21 - first
channel in the state of readiness, the second conducts transmissior,
24 - first channel in the state of the readiness, the second enter

into synchronisa.
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The behavior of routing with redundancy 2/1 is described by *he
graph/count of states wvwith 31 afex/vertax ever 120 by edges/fins. Tc
avoid the interpretation cf tbe nuaskter of each of the apexes/vartexes
and reproductions of transiticns in the graph,/,count to each s+tata
(apex/vertex) are set in the ccrfcrrity three octal digits, each of
them (from left to rigat) positicral designates the following: the
first - vhat channels are lccated on the stage of pulling intc step;
the second - what communicaticn channels thay are fcurd in the
readinsss: the third - what communication chann2ls conduct the
transaission of informaticn.

During their recording in the binary code in each of high-orders
digit relates to the channel c¢f ccomrunication No 1, the following -
to the channel of communication No¢ 2, low-order - to the channel ¢£
cosmunication No 3. Por example, state 431 means that (firs+t digit -
100) the channel of coamasunicaticn %o 1 entars into synchronisn,
furthermore (seccnd digit -011), the channels of communication No 2
and No 3 are found in the readiness, but (third digit - 001)

transmission is conducted accecrding to channel No 3.

L
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4 Ay Ay Iy s B3 6 8y 6,
000 400 | 200 | 100
011 ff s |21 000
02 || 422 122 000
08 | 073 o11 | 022
[ 242 | 144 | 000
055 075 o011 o4
066 076 [022 (o044 [ O
073 033 | 411 | 422
075 211 | 055 | 244
o6 _ 122 | 144 | 066
100 |t 500 | 300 ‘ 000 011
122 || 162 100 | 022 033
144 164 100 044 085
162 122 | 500 | 422 078
164 19200 | 144 | 244 ({3
200 | 600 390 000 022
251 011 | 200 033
e 254 | 200 | Ou4 066
§ w1 . (a2 fa1 |eoo 078
| - e R 180 |14 | 204 o078
500 fls0 | - 1. 100 | 200 123 | a1
1»-3“" R s ,‘)_ .',;’j? 900 { 500 | 000 152 |32
-0 | a0a | 500 -|oee 044
I am - Mm{ jonr 400 | 085
i e |
a8l T s o AL a1 | 600 | 78
[t o ARy | - 123 |00 {423 [ore
T 0. f 80| - 4200 00 |14 a1
) 1 610 | 200 | 400 MW {4
| &0, § - ] i[. |0 [0 e |34 e
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Page 154,

The graphic representaticn of all possible transitiors in this
case is hindered/hampered:; therefcre they are represented by table.
The block diagram of the operation algorithm of model is

reprasented in figure 4.

After the satup cf mcdel fcr preset parametars 1 and tthe
assignment of the versicn of redupdancy 2 is crganized the parallel
imitation of the functicning of each of three channels of
comaunication {4.6.8). The work cf each of the models of the

communication channel is analcgcus to the work of model 1.

Por the version of reserve 1,1 and 1 to unusable commuricatior
channels is written/recorded the "“epployment® to the moment/tcrjue of
the ternination of simulation, Fowever, in the case cf redundancy 2/1

work all three channels.

The analysis of the need fcr the connection ¢f the spere
communication channels makes it pcssible to carry out a replac2aent

of the channel, out-of-crder, by finished spars channel with %hs
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delay to the period of ccnnecticn (unit 9). This time is nonoperative
interval and together with the intervals c¢f restoration/reduc*ior ani

pulling into stzp is fixed/recorded in appropriate courters (3.5%.7).

The work of model is finished at the moment of time tIN.

provided by assigoment (urit 10).

The interpretation c¢f prograr in the language of SLANG-systam is

represented below,

Hampasrenwe casam ( ')
(we Gomes TPEX EANAROB)

BEGIN o
INTEGER Al PE3, A, B, C, K1, K2, K3, K, T1 [K], T2 [K], T8 [K]; -
REAL L1 (K], L2 (K], L3 (K] S
PACILITY ]; STATISTIC KAHAJ; (2} e
INPUT (A1, PE3, K, L1, 13, L8); :
PROCESS OTRAB1;

Key: (1). Routing (not mcre than three channels}. (2). channel,




boC =

81024108

PAGE )68/

G ), -

rig. 4.

] ©

T e me———e . T s

EPYVRGTNT W GO VIR T N YRS S

5 a ‘&MA



DOC = 81024108 PAGE }6?

Page 155.

BEGIN
NEW OTKA31 TO F1; WAIT Al; STOP;

Fl:
Kl:=1; K2:=2; K3:=3;
GOTO:(S1, S2, S3), PE3;
S1: T1[K2]:=Al; 'r1(x3] =Al; NEW OTKA31 TO S11;
SEIZE ch%.n [K2]; WAIT Al
S11: C: B:=0; NEW OTKA31 TO N11;
SEIZE KAHAJ [K3]; WAIT Al;
S2: T1 [K3]:=Al; C:=1; B:=0:
NEW o'rchax O M12: NEW OTKA31 TO N11;
SEIZE K 3]; WAIT Al;
mz SEIZE K [K2]; GOTO M11;
NEW OTKA31 TO M5;
NEW OTKASI TO P5;
Nil: A:=
T1 [K1]: —EXPO‘\IENT (L1 [K1)): M@
N: WAIT T1 [K1]; A:=0; SEIZE KAHAJ [K1]:
Ni: T2 [K1]: =EXPONENT (L2 [K1]); WAIT 'rz (K1];
IF B CON C THEN WAIT UNTIL (NO B) DIS (NO C);
T1{K1): — EXPONENT (L1[K1]);
N2: T3[K1] : = EXPONENT (L3[K1]);
WAIT IF T1(K1] >T3([K1] THEN T3(K1] ELSE T1{K1];
IF T1{K1] >T3{K1] THEN GOT@ N3 ELSE GO'I‘O N1;
N3: A:=1; RELEASE KAH 1]; GOTO N
N4: WAIT UNTIL (NO B) DIS (NO ©); TI[K1]: *_ EXPONENT (L1{K1]):
WAIT IF T1[K1]>T1{K2) THEN T1]/K2) ELSE
IPF T1{K1 >T1{K3 THEN T1(K3] ELSE T1[K1]:

I* T1(K1] > T1[K2] THEN GOTO N2 ELSE IF T1{K1] > T1[K3]
THEN GOTO N2 ELSE GOTO N1;

M5: B:=1; O

T1({K2] : =EXPONENT (L1{K2]); [

M: WAIT T1[K2]; B:=0; SEIZE KAHAJ [K2];

:h T2(K2] : = EXPONENT (L2(K2]); WAIT T2[K2];

IF A CON C THEN WAIT UNTIL (NO A) DIS (NO ©);

T1{K2] : = EXPONENT (L1 [xz]).
.M2: T3[K2]: =EXPONENT (L3[K2]);

WAIT IF Ti[K2]>T3[K2] THEN 'rs[le ELSE T1[K2];

IF T1[K2] >T3{K2] 'rm 3 ELSE GOTO M1;
AM3: B:=1; RELEASE K2]; GOTO M;

M4: WAIT UNTIL (NO A) DIS (NO C); T1[K2]:=EXPONE iT (L1[K2}):
WAIT IF T1(K2] >Ti1[K1] THEN T1[K1] ELSE

v nixz}yu&xa THEN T1{K3] ELSE T1(K2]:

Ir T1{K2] >T1[K1] THEN GOTO M2 ELSE IF T1[E2] >T1{K3)
-rm GOTO M2 ELSE

. C:=0; SEIZE K 3] GOTO P4:

71 (K3] : =EXPONENT (Lx[xa]).

SEIZE KAHAJ (K8]:

P: C: =0; SEIZE a]

P1: T2(K3] : = EXPONENT (L2[K3]); WAIT T2[K3];
. IF B CON A THEN WAIT UNTIL (NO B) DIS (NO A);

gx:a] x-;mom [KO 3
't !g
{I‘l) 3]>T18 I i 1‘8 (K3) ELSE T1 ['KS]

n -n[xa
; GOTO P;

PASWAIT UNTIL (NO A) ms (NO B); T1[K3]: = EXPONE
P6: WAIT IF T1[K3] >'r1[xz THEN 'n[gxz[]]m,sz NT (L1 [K3]);

IF T1(K3) > T1{K1 THEN T1 m] ELSE T1(K3];
IF T1[K3]>T1[K2] THEN GOTO P2 ELSE
IF T1{K3]ST1{K 'mmq GOTO P2

ELSE GOTO P1 END

Keye (1), c..homt\e. (W
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Page 156,

Model 3 is constructed on the ltasis of the general-purposz acd=l
of the redundancy of communicatiors., I+t tracks the steady functioniry
of the communication netwcrk cf arbitrary configuration irn the
assigned time interval of simulaticn froam (% to ;¥ and puts out
the probability of the atsence cf the readiness of the communication
channels. The model the Llock diagram of algorithm of which is givsr
in figure 5, begins tc¢ weork fros unit 1, This unit, analyzing nraset
structure, capacities and the versicns of the organization of the
redundancy ¢of connections from a number of thcse solved (1, 1,1 or
2/1), and also the parameters of channels, organizes wcrking files
and adjusts units 2 and 3. Channel statistics in all directions is
fixed/recorded with units 4, 6, 8. Unit 11 establishes/installs the

moment/torque of the termination ¢f sinmulation.

Model, it is analoqous with twc firsts, it is written in +h=

language of SLANG-systen.
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INTEGER TKOH, K, Al b.r
Ta(E, P, TR 7L, TSR, 7 ﬂlx.n. o
REAL A2,L1[K, F), {x ]] L3(K, F], L4[K, Fl, Ls[x. Fl

L8(K, F], L7[K, F|, L8[K, F[, LK, F|;

BOOLEAN A(K, F|, B[K, F], &K. F]l

FACILITY KAH1[K, F), KAH?. KAH3(K, F];

INPUT (TEOH, K, F, PES3, A2, L1, L2, L3, L4, LS, L6, L7, L3, L9);
PROCESS CHAN(K1, px). INTEGER K1, F1;

BEGIN

NEW CHAN (K1, F1) T0 F3; WAIT TKOH; STOP;

F3:
81: K1:=K1+1; IF K1=K+1 THEN BEGIN Al:=1; GOTO S6;
END; F1:=1; D:=PE3([K1]; S11: GOTO (S2, §3, 54), D;
82: F2: =HAI([K1]; B(K1, F1]: =FALSE; C[K1, F1]: =TRUE;
'NEW CHAN (K1, Fi) TO S22; SEIZE KAH2[K}, F1};
WAIT TKOH; CANCEL;
S22:NEW CHAN (K1, F1) TO N11; NEW CHAN (K1, F1) TO S5;
SEIZE KAH3[K1, F1]; WAIT TKOH; CANCEL;
S3: F2:=HAII[K1]/2; B[K1, F?:=FALSE; C[K1, F1]: =TPUE:
NEW CHAN (K1, F1) TO M11;
NEW CHAN (K1, F1) TO N11; HEN CHAN (K1, F1) TO S5;
SEIZE mns{m F1); WAIT TKOH; CANCEL;
S4:F2: =HAI[K1]/3; B{K1, F1]: =TRUE;
gxz F1]: =FALSE; GOTO S6; ,/
IF F1=F2 THEN GOTO S1 ELSE F1:=F1+1; GOTO Si1;
§6: NEW CHAN (K1, F1) TO M5;
NEW CHAN (K1, F1) TO P5;
NEW CHAN (K1, F1) TO N11;
IPAl 0 THEN NEW CHAN (K1, F1) TO S5; WAIT TKOH;

A[Kl F1]: _'mum, T1[K1, F1]:=EXPONENT (L1[K1, F1});
N: WAIT T1[K1, F
w(xx. F1]: =I-‘ALSE. smzz KAH1{K1, F1];

AIT EXPO

NENT 1, F1]);
IF B{K1, F1] CON C[K1, Fi}-THEN WAIT UNTIL
{NO B(K1, n]) DIS (NO C

F1]);
e SR H
%" n%‘u. u Fi] fng GOTO N
; mx 1. F1]; GOTO N;
:. u[ =-mom
£ WAIT 74 BIRL, 51) -r.u.sn.
: s m(ﬁ ; I ‘Al==1 THEN WAIT EXPONENT

g T uxl.n-mom-r K1, F1));

"a

nn[n[xx. 1:CON ¢ v;)ur UNTIL
,.go AE(J.. n DIS (NO c 1, m]).
mu 1. 71} THEN GOTO M
YELEE WAL 3 F J : = TRUE;
*Pp§: SEIZE : .
*‘r: *wm ~” l'Ale i
*.SKIZE KAHS 1. r NENT (L8[K1, m). :

n :

-uA[lLﬂ]mNCIEI 'rmwmmn.

(NO A[K1, F1]) DIS (NO B .Pl]);"
DEal

IF T7(K1, F1] EL T9 [m F1] THEN GOTO P
ELSE WAIT 19 (K1, F1]; C[K1, F1]: =TRUE;
RELEASE KAH3(K1, F1]; GOTO P; END END

B d
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Key: (1). Network/grid N cf directicns with R chanrels in sech

(redundancy 1, /1, 2/1).
Page 158.

The models examined were used in the composite model of th2
network/grid of the exchange cf infcrmation fecr the study of +he
versions of the construction c¢f the network/grid of the compu<t2r
centers of Kazakh SSR (RSVIs cf KazSSR), and also as indeperdent fecr
the preliminary updating c¢f the caracities of communicaticns cf the

netvork/grid indicated.

REPERENCES

1. 3uxon A. A Teopus xomeumux rpados, u. 1. HomocnGupcx,
«Hayxas, 1969. .
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3. Munsmuxos E. A, Toxosaras H. I Mopesupossane Ha-
npannenuli caxan Ha YIIBM. C6. BPD, sun. 7. M., 1968.
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ANALYSIS OF THE FLEXIBILITY OF INFCEMATION-COMPUTING SYSTEMS WITH THE

USEyrBABoRe@®N OF AN AFEARATUS OF THEORY OF GRAPHS.
I. Ge Pil'shchikova, A, Kh., Khaybullina, M, M. Sharipova.

During the develcpment of irnformation-computing systems (IVS) is
of interest tha comparison of the diverse variants of the structures
of network/grid. This ccmpariscr can be carried out according tc¢ tha=a
function of flexibility _Bu'by understanding under the latter the
probability of the existence at least of one path without the loops

for any two points of netvork/grid i, j at the preset values of the

probability of the existence (readiness for the work at the givzn
moment/torque) of the channels cf ccmmunicaticn of network/grii Py
directly connecting assesblies i, j. In this case each version =f :
network/grid will be characterized by the square matrix/die of
flexibility H by size/divensicn n, where n - number of assemblies,
and hu-'natrix slemsents, which give the valuos of the unkncwn

indices.

A question of the determineticn of the flexibility of structur=s

no longer is new, Por the soluticr of analogous problems was used the




/
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apparatus of the systems cf mass raintenance/servicing., Howesver, fcr
the case of the evaluaticn of the structure of the network/grii of
the computer ceanters the apparatus indicated is not suitable in view

of multi-linearity and multiphasic nature of the object in question,

The evaluation cf the flexibility of struwtures with the i13e cf
logical functions requires the cospcsitions of the ideal normal
disjunctive form with the subsequent minimization befcre obtaining c£
the simplest disjunctive rormal exrression., Further transition frcm
the logical functions to the events makes it possible to deteraine
the probability of the unknown event by the methods of the

probability theory.

Latter/last method can give accurate result, for the systens,
which have only consecutive or parallel connections, and in suchk a
case, vhen one and the same circuit can be ccnnected with more thar
one path (for example, tridge circuit), are necessary further
conversions for the purrose of cbtaining at least approximate

estimates for the objective function.
Page 160.

Discussion desals with the rerresentaticn of system with th>

coaplicated connection cf elenertss/cells with the help of ths systaas
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only with consecutive and parallel connactions {3). For cur cas: mecs=
acceptable is the computational metlod, based on the theorem abcut
the full/total/complete disintegration of network,/grid, which is *he

generalization of Shanncr-Moore tkecrem [ 2].

On the basis of this theoream My it is ottained as the element :

function of the network,/grid:

BAP)=P.P;...Pobi+P.Py... Pai(1—Pafat. ..+
+H1—P)1—P))...(0—PJam.

Structure of IVS we represent by graph/ccunt G(v,u), wher: v -

many apexes/vertexes with a pcwer c¢f n, u - many edges/firs with a

power of m, Graph/count G allcws/assumes parallel edges/fins, but
loops it excludes as not having sense for exchange system by
information. The edges/fins c¢f grach/count (ccnnection) are
characterized by the readiness facters of chamnels; therefera graphs
G can be considared as prcbabilistic three~dimensional/space (in
general) graphs/count with weight functions of edges/fins. Thae
topology of network/grid is preset analytically in the form of
matrix/die of contiguity N asserblies - assemblies, weighed according

to a number c¢f channels,

Matrix element p”-{ k, 1f 1 and j are comnected with k- channels ’

0, if assembliss i and j are not ccnnected.

r—— o —
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Algorithm of the forraticn c¢f the unknown matrix/die H

following.

1. On matrix/die M we ccnstruct skeleton matrix/die M* of
graph/count, we simultanecusly prcduce contraction of parallsl ;
edges/fins. ;}

. !
i ; 2. Por purpose of decrease of dimension ¢f network/grid we
. realize aquivalsnt conversions: a) exception/elimination cf
E irredundant edges/fins; b) to rcll of consecutive edges/fins with [‘
S simsultaneocus contraction ¢f parallel cmes, which appear as a result

of consecutive convoluticn. *

4 3. If dimeasion of network,/grid is great, then its further
‘ conversion is produced either by wethod of grcwth or by method cf

cute.

4, If dimension of network/grid is small, then calculaticn of
flexibility B4  occurs according tc expansion thecrem with sukse juent

return to initial network/grid.

Some transformations of matrixsdie ¥ and calculation of
flexibility A, are prcduced by ancther form, than in work [4], that

economizes the computer semory.
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Page 161.

i during zalculation A&y it is examined subgraphs from
elesants/cells with pretatility P. If it is connected, tker
expression ELP,G-PJ {this reans that the 2xtended 2lemen%s/cells
have a probability P,) it enters composed in A, i.e. function }=1.
Purthermore, the algorithm of program is limited to the examinaition
of the existence of the raths, which encompass not mcre than two
extended elements/cells, i.e., the calculation of flexibility is

performed with am accuracy tc ttkcusanths.

2. Roll of consecutive adges/fins it is carried out as fcllows:
if apex/vertex i is directly connected only with two apexes/vertexas
of graph/count k, 1, then it is excluded, and protability Pa is
computed as

Pu=1—Q—PyX1—P,,P,).
Pile B, is the list not cnly of the excluded, but alsc boundary
apexes/vertexes (in our example this k and '5} if B [s] =i, then B
[s*+1] =k, B [s+2]=I, vwhich facilitates calculations with the rese¢ *+o

the initial petwork/grid.

Algorithm made it possible tc¢ produce the calculation of

T s

NP

B
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flexibility h; for IVS, which ccnsists of 17 apexes/vertexas,
Program is comprised in the language ALGOL-60. Scope of tha prciran
of the calculation of 253€ nuclei. Program allows, without bringirg
about a change, to produce calculation for the structure cf IVS,
vhich contains from 40 tc 160 arexes/vertexes depending on the

special features/peculiarities c¢f the structures in questior.
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TABULAR METHOD OF CALCULATING THE ELEMENTARY FUNCTIONS IN

NONPOSITIONAL NUMERATION SYSTENS.
Ve S. Sedov.,

Essence of algorithm. The tatular method of calculating the
elementary functions in question is based on the follcwing prooerty

¢f comparisons.

For any polynomial
Pu(x)=cotcrxtegx®*+... + C-f'
vith vhole coefficients ©»¢,.ssy, ¢ from the integral argument x and
for any the whole k occurs the ccrparison

P,(x+kp)==P,(x) (mod p) -
vwith any basis/base p.

In the nonpositional numeraticn system number x is represen<zi
in the form of the set of deducticns on bassS/bases-ﬁme...vP. of
opaerating ranga P, therefore, if the values of polynomial P,(x)
lie/rest in the range P, polyncrial P,{¥) can be presented in the

form of the set of the tatles cf ccnformity (recodings) between th:

sobinia ol i o otk afe. o ke - e
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deductions of argqument x and the deductions of the valuss of

poelynomial P,(x) or each basis/base saparately.

Number x:0€x{! in the mode,ccnditions of fixed point is
represented in the form
x a}?_' (2) .
vhere Xe|-} §4f designates the full/totalscomplete set of the

least non-negative residue on mcdulus/module F).

Always it is possible to unamtiquously present number x in the
following form:

x-_.l.*—l.._l.' ' (3)

vhera p,ep,=P,
Xl . X€ll,.

Page 163.

If x - some fixed value of the argument of function f(x), then, by

writing/recording x in the form (3), we will cbtain
1 x,
f@= (2 + 4 B)=rnix,. )

Considering value of X, as certaip paramet2r, which d4efines *“h»

nunber of function [fx{X)), and %, - as the argument of func*ion

e e
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fr,(X)), it is necessary to each value of argument x ¢ functior £ (x)
to set in the conformity functicn fr,(X,) and value of arjument X,. The
value of parameter X,, which is determining the number of function,

and argument X, easily they are ccmruted:

n-[5] ®
X=ixip. . ®)

Thus, the range of change cf argquae2nt x of function f(x) is
divided /marked off into P, intervals, moreover the rnumber of intarval
is equal to X,. In each interval with number X, func=ion f(x) is

approxisated by function [xn(Xi).

Taking into account the prcoperty, descrited abcve, by *+h2 hast,
from the point of view c¢f the ncenpesitional numeration system, is %he
representation of functicr fg(X;), approximatingy elemertary fiancticr

f(x) in the interval with nupter X, and in the form

. ’ cy .(‘. x [
f,'(xl)-..A_’z_%_‘L, m

vhere Q ~ certain further range, which consists of the pair-wise
autually simpla betvween themselves and with the basess/bases of
operating range P bases/tases ¢ (=12 ...,m); PIXX,) - +h2
polynomial of the n order with whcle coafficieats ©**¥ from +ha

integral argument Xx,:

 JCNP STVALINTLSIS AT A N A mad SRR
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Page 164,

¥e will seek this polyncmial cf fcrm (8) with the whole ccafficiarnts,

which would satisfy the fcllowirg two conditicns:
. N A . . o ‘(x., .
1 vl s Bz, ® :

vhere t,aa— DPreset errcr;
2) 0<P, (T (X,)< PQ. (10)

Let us rewrite formula (7) in ttis form:
L]
fx(X) =~ X a,30.X ", ay
F L=

wvhers g, — rational coefficients with the frreset dencmirater 2¢,

Let us expand functicn £ (x) in the interval with nuaber X, 1t l

point X,/P ir the power series acccrding to degrses cf ¥, and, hLeings

lipited n+1 to term of exransion, let us register: €
f(x)"-i!~21.‘xl)oxlh’ (12) !
Py =0 1

shere a, %) — some real ccefficierts. Transition from the

disintegration with real coefficierts (12) to the disintagration wi*h

the rational coefficients with the presat dencminatcr PQ (11), cr,

vwhich is the same, the determinaticn cf whcle cosfficiants c¢)/® 5¢
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polynomial (8) can be realized cn the following diagram: if

(n
T0

{ g, X . %]( _:_.

€)X = [ PRES %3]4_ 1,

€

€y Xo)ome [ cqud . %].{. 1

Key: (1). then.

Page 165.

In this case the error &6, which appears upon transfer from the
disintegration vith the real coefficients for disintegration with the
rational coefficients with the preset danominator PQ, which let us

name an error in the integral agprcxisation, can be considered on top

0<k<n—1),

e (X = [ a0 . %’_3. },

{a.(xo) . %})L

‘ »
PN A [a.um . g]
0<k<n-1),

(2) . if.

accecrding to the forsula

General/common/total error 4.,

calculation of slementary functiors in the nonpositicnal numeraticn

< (Prl)" .

PAGE ?g4

13-

(1)

appearing during the

¥
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systen by tabular method, consists ¢f threa forms of errors.

1. Error in approximation 4. appears during replacement of

elenentary function f (x) exponential next to finite number of terms.
2, Error in integral approximation & was introduced above.

Let us designate through x, error in integral approximation
for interval with number X,. Then

» »
8‘. == m.xLZa.(x.) .xl._ 2,.(!.). xl. ,
x, = A=l

vhere as 6§ it is necessary to take naxiaum error from set
{82,), OK<X;<Py):

3=max {8
ms {3.}

or

t -x‘:-x..x@.‘xol. x’.-f E..ﬂ.). x“l_ a8

Revealing formula (15), we will cttain

n
} P max {aXs). e Xs) ( (Xa)e = —
domprmax (- Pa—e ) 4 (550, —

+o ) +( “.(x.) ° ’!;l_cl(x.)). xl‘)l‘
3. Rounding off error A.y ccnnectad with transition from range

PQ to operating range P,
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Page 166.

Since all three forms of errors are independent variables, thzn
Bosm=Ba-+3+ Bony. o an

Let us consider an error in the integral approximation 6. Let us

introduce the designaticns
,.(x.is { PXESR %g} (18)

,,,u.;;[;.«i-» B

Then it is possible to register

..(x.)..;’?. PN YEPE SERRE S) (20)

where rXo=pT—c ™) — certain integers.

Let us nowv rewrite formula (16) in the following form:

- . X . . .
—heplfen el

Selecting values 7\'* ip such a way that 6§ wculd take the minimum

value, ve will obtain best exparsicn fx(Xi)

A R CT

P e e e ———




DOC = 810264109 pace BE7

It is not difficult to obtain the algorithm of the determinaticrn
of optimum values r™). but in viev of the unwieldiness of

calculations ve will not it examine. One should only note that an

Q error in the integral approxisaticn in this case in comparison with E
QI\Q the algorithm of the calculaticns cf coefficients €®™ ir diagram
“.% (13) in the case of first-order pclynomials will be less 2 tim2s, arni ‘
f in the case of the polyncmsial of the second order - 8 times. ié
é .
K
{ Example of the expansion of functions sin t and cos t.
% Disintagration is produced on the Chebyshev pclynonials. We have
- g; " sluke— 2§(—1)’Iu+x (W) Tuend), -
‘ - | eollcz = I (k) + 22(-—1)‘ Ty(k) Tolx), 23
: T e,

i vhere .JI{k)—'Bessel function of the first order i-th of order; T(z)—

Chebyshev polynomials i-th order.
Page 167.

In formulas (22) and (23) let us replace the
variable/alternating: ;
z=ﬁ—L_. i
vhere ' -

o<t<l.

Then
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2 sin kx — sin2kt -cos k—cos 2kt -sin k=
1 3 (24)
- =2 (W LT *n8) = (0
! cos kx=cos 2kt -cos k—sin 2k¢-sin k=1 (k)4
= + 22— 1L (RIT*(t)=1(2), (25)
o imml
3
S vhera T.*()— displaced Chebyshev pclynomials i-th order.
% Let us register equations (24) and (25) in the form of system of ﬁ
.
§ equations: , f
: con kain 2ki—sin. hcos 2kt =ul?), | en
4 ain Main 2k#+cos hcos 2kt =o(t).
i Solving this system relative to sin 2kt and cos 2kt, ve will ;
i obtain: ‘
| _sin zn=-nn k[I,[k){-z 2(—1)'1,.(»1'0,.«)1 + ;
“;; ER ~J.v~ @ |
g R '+_e'au -ag-w.,.,mr,.m). !
b - 1 B i\.— Dl P
4 AN ,_',,‘.,\ .
oo-m = cos a[t.m-pz 2(—1)!1..(»1'0..(:)1 -
(a8 ;
—aiik zgx—xw..ﬂ(m-r'm,m. _ ;
(0<t<l). "
Page 168. ;

? Let the argument be changed in the interval [0, h), vwhere h -




i el A s i ol Lo S e i i g s

DOC = 81024109 eace J&F

any positive nuamber. Then taking into account the specific character
of the representation of puabers in the mode/conditions of the fixed
i point of function it is necessary to present in the fora

sin kt, cosAt,

b ] 4 =" xel-l;!’.

After producing the necessary transformations, we will cbtain:

sin A+ F-=sin AT R)+ 2 (—1 Lo (h)-T(t)]+
[ k

(29)

.- 0-&’\.-}4—.-‘5_“- Ve

+ 08 2:2 D(—1) iy (k)- T%ut),
l=0

con b+ =cos ALdk1+2 DVl Tk~ ¥
(30)

{ —sinz-2 g(—l)'f u+1(R)T %244(2),

: vhere '
[ = aErtl
2 h”'.

b-.'-ﬁ..
: t =3,

W Limiting these expansions by a fipite nusber of members and by

sabstituting the value the displaced Chebyshev polynoamials, i% is
possible on described atcve algcritha to switch over to

disintegration vith the rational ccefficients vwith the preset

denosinator PQ.
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It is pessible to consider the necessary value of the further
range Q. Let in expansions (29) apd (30) ve be bcunded by thz first
members taking into acccunrt the rermainder. Counting that an error irn

the numerical approximaticn is determined fros the formula

P '
= e 1)
1
vhere g1, and by accepting Adem»=5 :» we vwill obtain
+1 . p R4t '
> ¥ (s +1)(P,—1)*- P, (32)

0221 (a4 1P PP Y

vhere @=¢,,'P—], s,, — preset errcr in the calculations.

Page 169.

Algoritha of the tabular method of calculating the elementary
functions in nonpositional systea cf numeraticn. The ccde of argumernt
in the remainders/residues is fed in parallel:

z{a1, O - -0 Gale

1. Is determined number of interval X, and value of argument X,.

The value of argusent X, is detersined on the bases/bases of

operating range P and further range Q.

2. By number of interval X, is determined nuaber of table

(recoding).

L
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3. On deductions of number X, in the range PQ is determined

value of elementary function f(x) of table with number X,. §
: iﬁ
- i
gi\f 4. Value of elementary functicn, obtained in the range PQ, it is E
an | s
P roduced (if this necessarily) ¢c¢ range P. on this the calculations 3
; . %
% are finished. !
3
¢
P :
3 i
1 Y

3

&

:

{
: :
- :
:
i

e _ . o o BT T TN g e R O R AP e T
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RESEARCH OF WEIGHT CHARACTERISTICS IN NONPOSITIONAL SYSTEHNMS.

N. V. Filippova.

N Page 170.
9
; Let us consider the weakly-positional systea n éf the
; bases/bases: o .
R  Pr=x—Fi, Pr=3—82, ..., pp=x—t,.
; L -
é Integer N is rapresented in this system in the form of the pclynomial
E N(x)=a.;1¥;j‘;l-¢,—§xkf+. .A;j[-fl;x-lfdo. ! »
.? ard in the fora of the set of telaindetS/:qfidues from division of 5
f N(x) on pyz) (k=1, 2, cese M) .
4 N oo e o Tak
: Ts» - remainder/residue from divisicn of N(x) on pyz).
L T=NG), (k=12...,n).
4 In article [2] vas introduced the important integral

characteristic of number ¥
e g
. W(NY= DAL,
L [T

- called weight.

Let us trace a change in this characteristic with an increase in

B
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the nuamber., It suffices tc¢ consider its change for numbers in tte
range from 0 to[Q%%} gsince in fcllcwing half c¢f range, ftcni[5§3]tc
P-1, the weight of a nusber is uniquely determined by the weight cf a

; number of first half of range.

Page 171,

P

4"

Theores. The weight cf nuater N'=P-1-N in the system of the

!

BT 2 N P Y S

bases/basas ' _
Pl={‘—§x. Pr=x—83 ..., Pp=x—%,

is equal to a difference in numker D and weight of number N.

| WN)=D—W(N).

NNV

Proof, Number N can tLe repreéented by the set of
remainders/residues from the divisicn of polyromial N(x) on pyx) )

(kg" 2' e ey n’:
No=(y1, y3 - T )

After selecting the polypomial of zero degree N (x)=N, we will

obtain the set of telainderS/residues (N, ¥, <c., N). Hence

L.(N)=[ A
ror the number 1

“N'=P—1—N 1

'f iy
- [P=1-N1] N " 41 :
L.(N')=[ [N c.) ‘ ]— ’. . b
gy |1 ecan N+140 modp,,

0, &xx N+1=0 modp,. :

B o 17 oo Y o5 i1 e WP T
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Key: (1). if.

N
Py

1) N+1=0 mot py - 2] = [ %] 41, &0,

.’2) N+41+0 mod p,, [-"!%!F[_g:] EnHy,
. N+l]+ !:H-l _] +1=L.+1 |

zxpressfzm(nj: thtougﬁ Iy
VLN =L — L, —
e A
Let us substituts the ottained expression for L,(N) into the formula

of the determinatxon of ueight i(l ):

B "'.}’it

zl“( ,'—-t.-l - PZ—A- —2 MLA - i .

k=1

Page i72.
Since
e . |
| SML=W(N), PZ2 =D,
i B} ]
but e - .
& T
3 21.=0.
bl
then

WN)=D—W(N).
Consequently, it suffices to study the behavior of weight W (N)

for numbers of first half of range.

oy
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If number N has pinimum weight, then numker P-1-N will have
veight, maximum among the weights c¢f numbers from 0 to P-1, If

minw=-¢, then the weight, maximum in this system, is equal te¢

maxW=De¢oa,
Deteraination of value D in a n-pcint wasakly-positicpal systen.

Let us consider an n-point weakly-positional system of tha

bases /bases: .
S PE=E—8 =2t ..., Pi(t)=2—E. (D)

Let us determine the values of derivatives at the nodes: & & ...

As is known, numbers in this system can be rerresented unambiguously

C o em
in the range from 0 to P(x), uhere;P(x)-‘E(x—ei),

Derivative on x of P{x) is egqual to

Plx) =3 M(z=t), * @
i Sumd juut
R 9
Substituting in this formula =}, we will obtain
PE)= D6, ®
1% ‘ .

Page 173.

D (predicted upper bcrder of a change in weight W of numbesr

a

(=

.
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N=%h,vm...;“»is defined as least ccmzon multiple c¢f the values of

derivative of P(x) at nedes & E2...0 s

v

D=H.O.K.{P' &)}
Let us designate thrcugh C quotient of the division;}i“"_g)
ci<y

into D.

Then D is registered in the fors

1 2 '
or ' <4 o {
?
:
1 1 1...1 i
b & L.oU§
1 '
) D=? Elz 822 Eszo .o E.z . L
gL :
1
Value D can be represented as the value cf Vandermondes's
determinant.
|
}

With incraase in n - number cf bases/bases in systam (1) -
increase the values of derivatives at the nodes, and also rapidly
increases a nuaber of cofactors ir froduct (2), of mutually simple
vith the values derivatives at other nodes. Therefore with an
increase in the numaber of bases,/bases D it becomes considsralbly mcr-.

Let us consider change D with an ircrease of the number of

bases/bases in the systen.
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Determination of number D in symmetrical wveakly-positional ones

3 (2n¢1)- point systams.

J Will consider systeas vith the odd numnber of bases/bases. Lat
< (n+1) node {,4,=0, and all cthers te arranged/located symmetrically

relative to it:

: e TR NN

Let us determine the value cf the derivative P(x) on x at node

'» wvhere kfn+i:

28+1 »
PE)= JH E %)= 35’}}1 &2, (5)
J-h 5 Jrh

Page 174,

Let us nov determine value by the derivative P(x) to x a* node
‘3=.-—§ P
] a4t ) a
P(—t)= JI;II (—6—8)= zenzlni(ent— E,'). 6)

1928 43~2 I

The right sides of equations (S) and (6) coincide; therefore
' PEI=P(-E,).

Let us determine the value of derivative at pcint x=f,,,=0,

,:P' )= (ﬂf_"’( —)’=(-1) II;IIE,’.

If x - even number, then everything £, - odd numbers. If x -

odd number, everything &, - even numbers.

-

T A BB e o e D
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Let us consider based on particular examfples irncrease in D with

growth (2n+¢1)

- pumber of bases/bases.,

1) n=1,2n+1=3; ‘
p=x—a, pp=x, ;3=x+a; '
D=2a?;
2) n=2,b5>a>0;
Pr=x—b, pr=x—0, ps=x, py=x+a, ps—x+b,
P(x)=(x—b)(x—a) (x+0a) (x+b)x. = ‘

P(b)=2b’(b2—¢’), M =l¢2,

P(a)=2aNa?—d), 1 Ay=—P,
P'(0)==¢’b' Ay=2(*—a?),

D-za’b?(b’-_af) 1ok yezonum, 7o (o, b)=1,
W=a*(L)+Ls)—bYLa+ L)+ Ab*—a"3,

Key: (1). when.

Smallest possible values a and b for the systems cf this form

following: a=1, b=3,

Coefficients

Page 173,

[D=2909—1)=144.

X, are equal to:

Y=yt Ay, 16,

Tne value of weight in the given system is computed from the foramula

W=L,~9Ly+16L;—9L,+Ls.
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Let us detarmine D feor the system in which a=2, b=4:

Pl4)=216(16—4)=2"-3,}) M =1,
- P/(2)=2-4(4—16)=—253,} My=—4,
g P'(0)=4-16=25%,) Ay=6,

D=327=384,

» W=L|—4L2+6L3_—4L4+Ls.
It is obvious, for the unsymsetrical five-point systems of valua

D they will be above 144,

3) n=38, ¢c>b>a>0, (g, b)=1, (8, c)=1, (b, ¢)=1;
P1=X—¢, pr=x—Db, ps=x—a, py=x, ps=x+a, ps=x+b,
, pr=x+c;
P(x)=(x—c¢) (x—b)(x—a)x(x+a) (x+D) (x+¢);

P'(c)=2cX(c'—b?) (c2—a?)) Ai=ab*(b*—a?)

P/(b)=2b%b2—c?) (b*—a?)| Ia=—cla¥(c?—a?)

P/(a)=20%a?—¢?) (6?—b%) | As=bPcHc?—b?)
P/(0)=—a2b%? | Mym —2c*— 1) (*—a?)(b2—0a?), . _

s De2etblede—bY) (—a?) (B —ad). :
The system 0f autually simple bases/bases can be construct24 at
the following values of a, b, c:
c=8, d=4, a=2.

P'(c)=2-2%(64—16) (B4—4)=2"3-32.5 ] A=1

P (b)=2'2f°(15—64) (16—4)=—2".32 | Ay=—20
P’(a)=2-22(4—64) (4—16)=2"32 | A;=80
! P/(0)=—20-24.22= —212 | A =—00,

D=2'2.3%5 =368 640.
let us consider the symmetrical seven-l;oint veakly-positional

system in vhich a=1, b=3, c=9.

Page 176.
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_—m ey

P(c)=2:3(3'—3%) (3'—1)=23%5 | A,=1
P/(b)=2-3%(32—3%) (31— 1)= —273* | A=—00 4
| P@)=2(1—3) (1—3)=2%5 | A=729

: P'(0)=38%3! | A4=—1280,

| D= 203451280729,
P. - 3
i;_‘ Thus, small D in the systea cf seven bases/bases
. B ’ }
) min Dy =2, min Dy= 144, min Dy =368 640. |
2
.{ Deteraination of value D in sysmetrical 2n point veakly-pcsitioral
t
i systeas,
¢
;
' Let us consider the systess cf four bases/bases. Systems of the
form: pi=x~-b, pa=x-a, p3y=x+a, [=x+b, Nusber x nuamber a and b of
different parity. . .
! P(x)=(x—D) (x+b) (x—a) (x+a),
3 . P/(b)=2b(b—a?) | \1=a
{  P(a)=2a{a*—b%) | Agm—b,
! ' J
" | De=2ab(b—e"), olin (s, )=1.

Hey: Q). i¥
Ssallest odd values b and a: b=3, a=1.

Dm2.3(9—1)=48.

Smallest possible even values b ard a: b=4, a=2,

P(b)=2-4(43—20) =98 | A, =1
 Pa)= 22— 4= —48 | A —2,

D=8-12=96.

Let us consider the unsymmettical system of the form:
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P =X—@, pr=x, pry=x+a, pr=x+0, ,
P(x)=(x—a)x(x+a)(x+D),

PO=2atd)  |h=i0—a)

P(0)=—a2b A== (L‘_".;.("_*‘”_"’.
—g)= _ ) d(a+d)
P'(—a)=2a%b—a) Ayw= ._ii__

Pd)=—( d A =a?
Page 17:. (0)=—(d+a)b(d—a) )\ =a,

Xymbers a+b and b~a ~ even, therefore, P‘'(a), P'(-a) and P’ (-b)

are sultiple 4.
D=ab(d*—e?).

§ith a=1 D in the systes of this fora are 2 times less than D in

the systea, examined earlier.

In this case the srallest roesible valuee b and a: b=3, a=1,
D=3(9—1)=24.
Ia the systea of four bases/bases sinimum value D is equal to
min Dy=24.

Lat us consider the systes of six bases/tases.

Systeas of the fors:
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pr=x—b, pr=x—a, p3=x, py=2x+a, ps=x+b, ps=x+c.
P(x)=(x—b) (x—a)x(x+a) (x+ b) (x+¢).
P(b)=(b?—af)2b*(b+c)
P/(a)=(a*—b)26¥a +¢)
. P’(0)=atbe
4 . P/(—a)=2a¥a*—b?) (—a +¢)
' \i - P(=—b)= 20 —a?) (—]+0)
. P(—c)=(c*—b%) (c*—a%)e
; Numbers a, b, c of identical ,parity. Consequently, differance
. and sum of any two values a, L and c are even. Hence it is possible
5 to note the following: P*(b), P*(a), P*(~a), E'(-b) and P*(-c) are
L3
i multiple 2¢. Therefore D sust be sultiple 2¢.
! ! D= @V etee
H - .. -
) Page 178.
¥
The smallest values a, b, ¢ vith vhich it is possible %o
i
construct the systea of svtually sisple bases bases, are equal to:
) | a=%, b=3, c=5. Value D in this case is squal to:
4 D— (lf—’?(a—:)o—nd-o-s_ 34 560,
Systeas of the forms:
Pr=2--0, pr=z—b, py=z—¢, Pv=x+¢, pym=x+b, ps=x+a,
P(x)=(x—a) (x+a) (x—b) (x +b) (x—¢) (x+¢),
P’(c)=2¢c(c?—b?) (c2—a?)
P/(b)=20(b*—c?) (b2 —a?)
P'(a)=2a(a*—¢?) (a*—d?%)

Since each of the given here derivatives is asultiple 23, thaen
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value D is equal to

e ——— i ———— 4 S 5

. Dgoabc(c'—b')(e’—c’)(b'—c')
’ .

With a=2, b=4, c=6 can be constructed the systea cf mutually
simple bases/bases. Let us deterwmine D in the given systen.

. P’(c)=2-6(36—16) (36—4)
P/(b)=2-4(16—36) (16—4) .
 Pla)=2-%4—36) (4—16)

' D=2:6(36—16)(36—4)=T680.
Is obvious, this value ssall asong values D in the systems of
six bases.
- min Dy=7680.
Above vers esxamined systess 3, 4, 5, 6, 7 bases/bases and the
snallest values D for thes.
'min Dy=2, min Dy=24, min Dy=144, min Ds="7680,
| ‘min D;~368 640._
With further increase in the number of bases/bases D, it is
doubtless, it will increase acre rapidly. Bven in systems 6, 7
bases/bases of operation ¢n modulus/module D during the deteraina%ion

of veight ¥ vill be carried out above 13-19 binary bits.
Page 179.

Therefore the use/application of the systeas in which a number 5f

bases/bases is more than five, is inexpedient.
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Weakly-positional systems, wvhich dc nct contain numbers with tha

negative weight.

1. Let us try to find such veakly-positicnal systems in which

vaight of numbers varies fros 0 tc L.

In the sysmetrical fcur-roint systeas

Pr=x—b, pr=z—a, py=32+a, py=2+b (b>a)
the forsula ..i weight accepts the fcrm }
. W=aL,;—bLa+ bL;fGL@ [

I ve for number N select rolynomial N(x) of zero degree, then

eatire 1,(i=1,2,3,4) will be egual tc ¥, i

N-(Yh "o?‘t?‘)"(”c N, N, N), i
hence

n=[3] 6-1.2.5.0. }

Let us substitute values L, into the formula of the weight

w=a[ K)o+ )< [5]

Smallest among the numbers, vhich have negative weight, is

nusber N, equal to the second basis/base. Por this number value of |

veight is equal

We=e [';‘]—-b. {)3'

z2—d
since
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A R e

Let us determins values of x at which W)0.

a[2=¢] >0,

x—a>{x ),

x<<b+a.
Page 180. o

Basis/base p;=x-b»3, hence x3b+3, therefora,

vith x¢b+a it is possible to construct the system of four bases/bases

in vhich We [0,D].

With a<3 the weight ¢f a numter takes negative values.

example, in systea p,;=x~3, pz=xﬁ;1, P3=x+1, p=x+3 with any xW takes

negative values. Leat x=8, then p;=5, pa=7, p3=9,

system, the weight of numbers in which is changed from -2 to 50
{(D=48). An example of the systes, which doss not have the negative

values of weight, is system p,=3, >=5, p3=11, p.=13; the range of a

change in the values of weight frcm 0 to D=480.

Prom this eoxample it follows that in the systems, which do not

have the negative values of weight, value D is considerably greater

a$3. With a3 ard

Pe=11 form the

© vt A e

T e iy A
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than in the systems with the negative values cf weight.

AT P TTE

Value D is determined from the formula

B e

. ' D=2ab(b*—a?),
:4\§ but the range of a change in the pumbers of the given systen
5 P(x)=(x?—a?) (x*—b?).
i Systea does not have the negative values of weight, if xqa+b;
1 therefore
:"1 ' P<al(b+2a) (a+2b),
| D=2a¥b*—ad).
{ o
“ In this case of P>D, but not more than in (1+ 3=Z)° the time, i.e.,

D is close in their value to P.

{ 2. ¥ill consider now five-sharrened systems in which W30. In the ,
symmetrical fiva-sharpened/five-turned veakly-positicnal systems of

i base they are squal to:

| Pi=2—b, p=x—a, P=1, pi=1x+a, p=x+b (b>>a).

s

The weight of a number ip this systes is deterained from the formula
W =a?L,—bLa+ 2B —aN)Ly—bL, +aLs.

The waight of number N, represented by the zerc polyromial

T it

N(x)=N, is equal to

'“;"‘-:‘-”[zzb ]—b'[

2 e[ 2] o2 +

+a’[z§b]‘

-
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Page 181,

samall from the numbers, which have negative weight, number
¥=x-a. Let us deteraipe the weight cf this nusbar:
Wz—a) =a{-25 |-

Let us find that values of x, at which W is pcsitive.

ai [g]—b’>0.
*—a
x—bd

18
x—a> yl(x—0b),

> :f‘

b%4-ad+ot ab
f < et ¢ +o Tt . ™

e e e - . e e e m - - . -

Since p,=x-b more or is egqual tc 3, then
[220+3. ®).
Baing congruent/equating the right sides of expressions (7)

(8), ve will obtain

or : o
| o8
i s 2>

Let us consider the value cf the range of this systen.
P(x)=(x'"—a)z*— bz,
Since
2<a4+d —-22_

a+d*’
that

P<[la+b)’+(—-+—»r 2ad— a’I(¢+b)’ W

and
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[ +b]_—a%2[ a+M’Hl_¥(a;M']X

[a +o- 5 2 )< 2w~ ay = b,

since
1 a? » y
[+t 1+ Garf<e -
and ' R
i ab
.a+b— T+.—<P+ a.
Page 182, "

Thus, ve obtained that P<D. Bence it follows that the
use/application of the weakly-pcsitional five-point balanced sysizms
in which the weight is changed only from 0 to D, is inexpadient, It
is obvious, with a larger numker cf bases/bases value D will te nuch

more than the range in questicna.
Relationships/ratios between the veights of systems and subsyst2ms.
Let us consider the system of the bases/bases

m-z—én. h-z—b. ceay p.—z—e.

Range of a change of the numbers in this system from 0 to P(x), wh2re

Plz) = M(x—t).
leg o




o
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Let us register formula fcr deterrining of D:

D=H. O, K. {P'(¢)= ‘1:11(5,—5‘)(;;=1. 2 ....n)

iphk !

1 n
D=2 11 ¢ —¢
¢ ‘I;Il ( i j)c
iJ‘-l.

We will obtain 2xpressicn fcr ccefficients A, when L, in the

foramula of the veight

(-t s
Ay == M G-%) (k=1,2,...,n)
. i<y

§,J=1
i

Page 183.

Let us substitute expression for », into the formula of the weight

LEED) VN GO )

IR N
The weight of a numsber of the subsystem cf bases/bases, which

consists of PP ... Pa-,will be determined acccrding to the formula

1 “a—t a—t - '
€13...3~1 2(—1).-11'. ‘I<Il (El _EJ). (10)

A=l

Wia,.a—1 =
Lj=li LLJmk

Let us nov register the fcrmula of the detarmination of the weight ¢f

a number in the subsystem of bases/bases:?mﬁi:d.Pﬁ

Waa= e a0 I G-E) A

(L WL

Coefficient with L, to fcroula (9) is rerresented in the form c£




&
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the product:

1 2 1~ €1.3,..01 °ct
The-w=[r ST ettt e,
=8 . . =g

Expression in the brackets - coefficient with L; in formula (10).

Lat us now register coefficient whan L, in formula (9) in +he
form of the linsar combination cf ccefficients when L, in fcraulas

(10) and (171):

1 | ] ) 1 1 ]
+ B oe-o- T oa-y)ie-n-
i jmlil Jok i.gml: 1]k {wk
1 a—1 a—1
‘ =-—c— ‘I<I, (E‘—‘ j) ](El— E.+E.—‘ En)‘g (E‘— El)=
L btk ten
- i[ ;r:i'- (e,- E-)][;ﬁi('s ;s )+(Vs -;E.)'ﬁ‘(e —t )] .
° 1<) J im2 i n 1 h‘-‘ i ) |
LJw=; i, ah i%k
1 n 1 a-1
- ‘131 G —%) =[ 12t (o G — EJ)] X
iJ=1:i,]mk NIRRT
- 1 -]
| oxSEmTe—ty [ 4 6-t)x
(BCLYNEY
-1
X ____e,.:.’__', .n G-t
. _ Jma, -
Page 184, =

Bxpression in the brackets in first term - coefficient when 'L, ir
foraula (10), the secondly term - coefficient when L, in formula

(11).
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Ve convert coefficient when L,, in formula (9) to this form:

19 - g9, %t _
TtI}JG‘ —E’)-[ 2,2 .?, G —%) B }L(Ex Ej-)-

1,)=2

In the brackets is obtained the ccefficient when L, 4in formula (11).

Waight in systea n bases can be represented in the form cf the
linear combination of the weights cf two subsystems (n-1) of ths
bases/bases:

Wl Lein s T8 Wis o ean,.a Tt )Ws ]

N e e e =T
Since the ordering of system novhere was spacified, it is possible
instead of p, to take ancther basissbase p,. and instead of j any

basis/base p, except .p;

Thus weight in system n of bases/bases can be represented in th2
form of the linsar combination cf the weights of subsystems, foraed

by exception/elimination cf cre cf the basis cf the system:

o L . - A .
W o= %{c:,z.....n—x. h-u.....-"f_ll Ci— Wi, a1, 201,
' o,

§ ) » )
—€13,..,}-1, $H1.....n E‘ C-8Wis, s je1a )
. teny o

Page 185.
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The weight of a number in the system of ¢twc lbases/bases p, ard

P2 is determined from the forsula
Wu‘ Ll bt L’.

Weight of a number in system n ¢f the bases/bases

e S,

A=t
Express is the weight of a numkter in system n of the bases/bases

through the weights of the suksystenms of two bases/bases:

W=2,L+ ML+, .. A Ly =h Wi+ Oy AW+
a=1

+0tHha+ A)Wat ...+ .2,““’--*---
Latter/last component/termsaddend is obtained on the basis of
the equality

i ﬁx.—o.
© i

Using this equality, we will obtain

Wb WisHo H)Waa 0y +hy +A)Wae +...
.o ,-.-(_1..,+1..,~;-.A._)w...,.f.-—(x,_t_+x,)w a—2a—1—A Wa-i1a,
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Page 186.
Use of threshold elements/cells in some logic circuits.
B. Y. Shevkoplyas, R. Zh. Yerzhanov, Yu. Ye. Chicherin.

As is known, the usesapplication of threshold eleasnts/cells
during the construction of logic circuits in a nuasber of cases
ensures the considerable decrease of a total number of usable logic
valves/gates, and also is decreased the depth of logical
netvorks/grids [1]. There is a series/rov of diagraas on the
threshold elements/cells, such, as flip-flops, decoders, adders,
shift registers and so forth [2, 3, #). Hovever, the possibilities of
using the threshold elements/cells in the schematics of autosatioa
and computer technology for the purpose of their sisplificatiom,
increase in the reliability and high speaed far are not sxhausted.

In the pressent vork are examined the following devices/equipment
on the threshold eleaments/cells: highly stable, that corrects bighly

stable, the controlled restoring organ/control.
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Highly stable device/equipment. Works [S5S, 6] examine the
principles of the construction of the highly stable memory eleaments,
made on the logic circuits AND, OR, NOT and their combinatioms. Such
memory elements work in.the straight/direct or reverse unitary cods
and prove to bs very efficient during the construction of some
devices/equipmsnt [6]. However, since the known elements/cells are
nonsynchronized, during the construction of such devices/egquipsent
into their input circuits are built-in the untying valves/gates of
the type AEND-¥Or/OR-NOT, which leads to a reduction in the high speed
and to a considsrable increase in the nuaber of logic slements. This
deficiency/lack is resoved during the use of the proposed diagraas

(rig. 1, 2).

Figure 1 shows the diagram of the synchronized highly stable
device/equipsent, intended for storing the inforsation, repressated
in the straight/direct unitary code. Diagram is constructed on the
inverting threshold elements/cells (PE1, PR2, ..., PEn), vhich have

threshold T=2 and following veights of inputs: vi=1, w2=2,

Page 187.

Input inforsation (X1, X2, cceo Ehi represented in the reverse
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unitary code, is fed to the "single” input of the corresponding
threshold elessats/cells. The signal of synchronization Y is fed to
sach throshold‘ololont/ccll with veight v1' vhich has n-1 input with a
veight of w2, connected with the outputs/yields (z1, 22, ..., zR) of

renaining elements/cells,

In the node/conditions of storage of information (Y=0) on one of

the outputs/yields of device/equipsent is preserved logical 1, and on
the others - logical 0. This state is stable and does not depend on
the values of input inforsational signals. Is actual/resal, logical 1,

preserved on one of the ocutputs/yields of device/equipaent, it acts

on the input of remaining threshold elements/cells with the veight,
sgual to threshsld, vhich ensures the appearance of logical omes with
0 at the resaining outputs/yields cf the devices/equipaent which, in
turn, are fed to the input of the unexcited element/cell in question.
Input inforsatisnal signals cannot change the state of the unexcited
element/cell, since the correspending weighted sum lies/rests below

the threshold of this elesent/cell.




DOC = 81024110

1. Highly stable device/equipment (first version).

2. HBighly stable device/equipsent (second version).

In the moia/conditions of the recording of inforsation Y=1 the

thresholds of all elements/cells seeaingly are reduced to units,

vhich ensures the passage of nev information to the outpat/yield of

device/equipment. During the supplying of logical to 0 to the

synchronizing input Y nev inforsation is msenmorized.
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Pigure 2 shows the analogous diagram, vhich accepts the
information, represented in the straight/direct un.iary code (x!1, x2,
eeey Xn). The vaights of the informational input wi=1, of the veight
5f the input of fesdback wn=n, the weight of synchronizing input
w(a-1)=n-1, the threshold of olo-cnt/bill T are equal to the nuaber

of input variables n.

Corrective highly stable device/equipaent. Por the correction of
the errors, whick appear in the inmput information, can be used the
principle sultichannel redumdancy, vhich requires the introduction of
special restoring organs/controls [7] to the input of highly stable
device/equipnent, vhich leads to anm increase in the equipasent
sxpenditures and to a reduction ir the high speed of this
device/equipsent. However, in the threshold base this
device/equipaent, wvhich combines the functions of synchronizing and
restoring organs/coatrols, can be constructed vith a minisus number

of logic eleasents (Fig. 3).

Input signals are represented by k channels in each
informational direction wvhere k=21+41, 1 - multiplicity of correctable

errors. All threshold elements/cells (PE1-PEn) have the identical

threshold T=2ke¢1. Weights of the informational input vwi=1, the veight

R Y TR
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of the input of fesdback v(T) =T, weight of lock inputs w(le1l) =le1,

In the presence of aynchtogizinq ispulse morentua/pulse (Y=1)
each threshold eleaent/cell reaslizes a selection of informatioan on
the "majority® of input signals. After the termination of
synchronizing pulse the corrected information (z1, 22, ..., zn) is
aenorized, Thus, is admissible presence lxn of the errors in the
input inforsation iuring their even distribution accoriing to the

digits,

A similar 1iagram can be constructed for the correction of
information, represented by the straight/direct unitary surples code.
Hovever, in this case consideratly increases the nusber of

informatioral iaput and rise the thresholds of elesents/cells.

Controlled restoriag organ/ccntrol. The souadness of surplus
structures vith the restoring organs/coatrols is sonitored with the
help of special diagraas [7]. The proposed diagras (Fig. %,
connected to ths output/yield of surplus structure, vhich consists of
k of identical devices/equipment, cosbines rensval fuamctioans with the
functions of ths dstection of the errors, vhich appear ia any of

logical units.

Page 189,
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Diagras coantains k noninverting threshold alemeants/cells PE1Y,
PE2, ..., PEk, to input of vhich are fed control signals ¢t, c2 (vith
velights wi=1 anil wvw(21-1) =21-1; respectively) and the informational
signals x1, x2, ..., xk, represented by the direct meanings, with
veights vw2=2 or w3=3 (Pig. 4). The thresholds of elements/cells are
ideatical and equal to T=21+3,

In the moda/conditions of inforaation retrieval ci=1, c2=0, in
this case the device/equirsent fulfills the functions of ordinary

restoriang organ/coatrol (7).

Ia the moia/conditions of the detection of false zero cl=c2=0,
ia the mode/coniitions of the detection of false uaity ci=c2=1, {n
this case the device/egquipsent transaits erromeous input omae or zero

to the appropriate outpat/yield of device mguipaent.

The use/application of sisilar restoring orgaas/coantrols in
sultistage reserved logical uaits Tsva [ihmﬁ- digital coaputer) makes
it possible to i1iscover amd to coasecutively/serially” sove” aa errcor
for any type to the ocutput/yield cf device/equipaeat with the help of

the autosatically sade test prograss.
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Piqo 3. fig 4,
Pig. 3. Corrective highly stable device/equipsent.
)} Pig. 8. Coatrolled restoring device.

Page 190.

Coaparativs evaluatioas of the expenditares of equipssnt. The
threshold logic eleseats, utilized in diagrams examined above, caa be
cealized on the basis of resistcr-transistor, tunael- traasistor,
optical-electronic and other diagreas depeading om the required high

speed, the required power, freedos froa interference, etc. In this
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case logical cosparators, constructed on the uniform components, for
exanpls, on the diagrasms of DTL and on the threshold elsments/cells,
vhich contain diode-resistor linear addsr and transistor
discrisinator. ror simplicity let us compare the expenditures of
equipment for the analogous diagrass, constructed on

resistor-transistor Boolean and threshold elements/cells.

Pigure S5 shows the example to the realization of diagrams, given
in '1quro 1, on resistor-transistor threshold elements/cells. Diagrams
contains 18 resistors and 3 transistors. The analogous diagranm,
constructed on the elements/cells of the type “logic%, contains 21
resistors and 15 transistors. It is possible to show that the
diagrass, given in Figures 3 and 4, even more differ significantly
fros the appropriate diagrass, constructed on the Boolean

elesents/cells, since in thes entirely are used the corrective

properties of thresbhold elesents/cells,

B st

i

T T T
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Pig. S. Example to the realizatioms of highly stable

i device/equipsent. '
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Page 191.
Abstracts.
; pages 3-11,

It is showa that D20 of program with the help of integral
technology can be carried out on the same physical basis, as
computational units of TsVN. This will lead tc an increase in the

i - high speed of special-purpose TsVA.
Illustrcation 4, References 2.
Pages 12-27.

Acticle is dedicated to questions of construction and research
of diffo:ont functional dependences taking into account the specific
character of deductions ccencerning sodulus/module p, since precisely
these questions play primcipal role in construction and use of

systaas of nomograas in SSOK.

Illustration 7, References &,
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Pages 28-37.

Article is dedicated to construction and research of nomograas
froam the adjustad points in the deductions on modulus/module p vhosa
scales and resolving straight lines are constructed in the deductions
according to module p. This sakes it possible to reduce periodicity
on the scales and gives the possibility to use nomograms for the
reverss operatioas.

Illustration 3, References 5.
Page 192.

Pages 38-50.

Is proposed the mathematical model of the process of heating
metal in the soaking pits of rolling departaent. On the basis of the
constructed model of object is regrroduced one of the used in practice
nodes/conditions of heating metal in tha soaking pit.

Illustration 3, References 14.

Pages 51-64,
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In the articles are examined the versions of the coastruction of
the self-correcting codes with the use of the finite-difference
diagram due to thas specific behavior of finite differeaces in the
higher orders and is given generalization of this principle of

engineering ths salf-correcting codes.
Refereaces 2.
Pages 65-73.

Is exaained the method of the decoding of the nonpositional
code, based on obtaining of a difference in the remainders/residues
in the control basas/bases vith the parallel rounding.

References 8.

Pages 74-79,

In the article is examined the unparallel method of executing
the operation of rounding, based on specific ratios betveen the
vorking and surplus ranges of the representation of numerical

information.

Beferencss 4.
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Page 193,
Pages 80-82,

Acticle is dedicated to use of one of the heuristic methods of
the selection of the structure of the natwork,grid of the exchange of
inforasation in connection with BSVrs of Kazakh SSBH.

References 2,

Pages 83-90.

In the article is examined the problem of the optimization of
exchanje systsas by inforsation on stochastic sodels. For the purpose
of the decrease of a guantity of experisents is propossd the
algoritha, vhich varies the principle of search in the process of

optinization.

Illustratisn 1, References 3.

Pages 91-96,
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In the article is examined the method, vhich allows on the
sutual location component in the disorder to deteraine its number,
and to also solve inverse probles.

References 3.

Pages 97-103,

Is examinel the corrective P(n, k)-code, nonpositional by its
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naturs and provided by positional propertiss due to the introduction
of positional characteristics.

References 3.
Page 194,
Pages 104-114,

In the article is examined the structure of the special-purpose
sagsstic drua, vhich makes it possible to realize rapid Fourier

tcaassfocra.

Illastration 7,"ih1¢ 2, References 2,
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Pages 115-119,

. Is examinel the task of the optimum planning/gliding of the
- graph of the issue of meltings in the section "steel foundries - the
. isolation/svolution of soaking pits"™ metallurgical combine. The
quality of planuinq/qlidiﬁg is considerad on tha statistical model of

the section in question.

¢
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References 3.

EAJRY, N

pages 120-125.

Is realized the separation of many aperes/vertexes of

n-dimensional binary cube intc the classes of equivalency.

Is described the algoritha of the deteraination of a number of
apsxes/vertexes of the classes of equivalency with the use of an
apparatus of the theory of generating functions. Is indicated the
principle of the single-valued numbering of the elements/cells
indicated.

Refersncas S,

Page 195.
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Pages 126-1139,

::i- Is shown the possibility of using the series/rowv of the focmal
procedures of alaptive approach for the solution of the problens of
guaranteeing thae material and technical supply vithin the frasevork
of the system of Glavsnab of KazSSR. It is noted that the realization

of approach is possible conly vith the use/application of cosputers

W A‘Q, -~

vithin the framevork of ASU Oof tranch.

- Ny

Illustration 1, References 7.
Pages 140-14S,

- In the article is examined numeration systea, the vweight of
which is a recurreant sequence of the type of PFMbomacci's nuabers. Is
shova the possibility of the separation of nusbers into the groups of
digits that, so that during the addition there is no traasfer froa

the group into the group.

Table 2, References S.

Pages 146-149,
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In the article is exasined one modesl of the coapression of the
inforsation, realized on computers BESH-3A. Nodel is based on the
principle of the place value of storage of digital information.

Illastration 2.

Pages 150-158.

PR P ,194 -

In the article are represented statistical models of

. My

coanmunications for exchange systess by inforsation, imitating steady
functioning taking into account the diverse variants redundancies.
Models are regulated in the increasing cosplexity. Are given the
descriptions of the algorithas of models and their progras in the

language of SLANG-systen.
Illustration S,'fiblo 1, References 3.
Page 196.

Pages 159-161,

In the article is represented the algoritha of the evaluation of
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the flexibility of comaunication petwork with the parallel
edges/fins, using alternate routes cf the transaission of information

from the sourcs in the dischargae.
Referances 4,
Pages 162-169.

Is given and is traced the algoritha of the calculation of
elemsntary functions with the help of the tables in the nmonpositional

nuaeration systen.
Pages 170-185.

In the article is examined the change in some veakly-positional
systeas of the important integral characteristic of a nuamber, called
veight, change with an increase in the numsber of basis of nppor’Bonnd
of the weight of a number, designated by D, and also dspendence

betveen the weijht of a number in the systea and the subsysteas.
Refersnces 2.

Pages 186-190,
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Work examines questicns of the conmstruction of somse logic
circuits on the threshold elesents/cells: the synchromized highly
stable devices/aquipment with the correction and without the
correction of srrors, restoring organs/controls, which cosbine the

functions of the correcticn of errors with the functions of check.

Is shown the efficiency of the use of such diagrams in the

devices/equipsent of autosaticn and computer technology.
Illustration 5, References 7.

Pages 197-198,

No typing.
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